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ABSTBACT 

This  thesis  examines  a  method  to  determine  the  depth  of 
a  point  source  in  an  isospeed  ocean  environment.  Using  the 
Fourier  Transform  on  the  acoustic  pressure  field  in  the 
range  domain  results  in  the  attainment  of  the  acoustic  pres- 
sure spectrum  in  the  wavenumber  domain  and  a  characteristic 
nodal  spacing  unique  to  the  source-receiver  depths. 
Quantitative  examination  of  a  magnitude  plot  of  the  spectrum 
and  use  of  simple  mathematical  formulae  yield  the  source 
depth.  The  debilitative  effects  of  narrowband  noise  and 
surface  roughness  on  the  pressure  spectrum  are  also  exam- 
ined. The  pressure  spectrum  is  recognizable  in  noise  after 
the  pressure  field  in  the  range  domain  has  been  lost  in  the 
noise  field.  The  effect  of  surface  gravity  waves  on  the 
pressure  spectrum  is  similar  to  that  on  the  pressure  field 
in  the  range  domain:  the  characteristic  nodal  spacing  is 
suppressed  as  the  height  of  the  surface  waves  increases. 
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I-     HISTORY    AND    INTRODOCTION 

This  thesis  is  the  third  in  a  series  of  investigations 
into  a  proposal  put  forth  by  R.  Lauer  of  Naval  Underwater 
Systems  Center,  New  London,  CT ,  in  1979.  In  his  memorandum 
£Ref.  1]#  Lauer  describes  a  "new"  way  to  analyze  sound 
propagation  in  the  ocean  and  two  applications  of  the  method, 
which  he  named  the  "wavenumber  Technique,"  or  F.T.  In  his 
proposal,  Lauer  stated  that  a  source  of  sound  in  the  ocean 
could  be  pinpointed  in  both  depth  and  range  by  a  single 
omnidirectional  hydrophone  provided  the  source  is  generating 
a  continuous  wave    tone. 

The  W-  T.  was  initially  described  by  F.  DiNapoli  [Ref.  2] 
as  an  intermediary  step  in  his  development  of  a  speedier 
computer  algorithm  used  in  analyzing  sound  propagation  as  a 
function  of  range.  EiNapoli  and  Lauer  proposed  converting 
the  pressure  as  a  function  of  range  P(r)  to  the  pressure 
spectrum  as  a  function  of  the  wavenumber  P  (k) .  The  conver- 
sion is  accomplished  by  taking  a  weighted  Fourier  transform 
of   the   pressure   field  P  (r) .  Once    the    pressure    spectrum   is 

obtained,  analysis  of  the  pressure  field  can  be  accomplished 
in  a  manner  analogous  to  that  presently  used  in  signal 
processing. 

Lauer   proposed    two   uses    for   his    "Wavenumber    Technique:" 

1.  determination  of  the  depth  of  the  acoustic  source,  an 
ability    which    has   obvious    tactical    applications; 

2.  use  of  the  W. I.  to  evaluate  the  accuracy  of  existing, 
and  future,  acoustic  models  such  as  P.E.  and 
F.A.C.T.,  by  breaking  the  generated  pressure  field 
down  into  ray  path  "families,"  such  as  bottom-bounce, 
ref racted-surface-ref lected,  and  surface-ducted  fami- 
lies,     thus      giving    a      quantitative   read-out      of   what 
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proportion      of  the      total      acoustic      energy    is      being 
channelled    through   the    various   ray    paths. 
For    both   uses,         a    knowledge   of   the      acoustic  environment    is 
necessary. 

It  is  the  intended  purpose  of  this  thesis  to  investigate 
the  validity  of  the  first  application  of  Lauer's  wave number 
technigue  by  using  it  in  conjunction  with  an  acoustic 
phenomenon  that  is  well-known  and  for  which  accurate  results 
can  be  calculated  with  precision;  this  phenomenon  is  the 
ILoyds      Hirror      for      an   Acoustic      Doublet.  Using      several 

source/receiver  combinations,  this  investigator  intends  to 
compare  actual  source  depth  with  that  predicted  by  the  W.T. 
If  lauer's  technigue  is  cogent,  the  source  depths  calculated 
via  the  two  methods  should  be  equal,  or  very  close  within  a 
statistically    acceptable   degree. 

As  mentioned  in  the  beginning  of  this  thesis,  two  prior 
investigators,  B.  Stamey  and  J.  Blancharl,  looked  into 
applying  the  W.  T.  to  determining  source  depth.  Stamey* s 
investigation  [Ref.  3]  utilized  a  parabolic  equation 
computer  model  developed  by  H. K.  Brock,  the  Split  Step  Fast 
Fourier  Transform,  or  SSFFT,  to  generate  the  pressure 
fields.  He  qualitatively  compared  the  model  to  a  Normal 
Mode  model  and  a  P.  S.  Finite  Difference  model,  both  range 
dependent,  and  to  DiNapoli's  Fast  Field  Program  model,  a 
range  independent  model.  Stamey  concluded  that  the  W.T. 
showed  promise  as  an  analysis  tool  and  that  further  investi- 
gations  were   warranted. 

J.  Blanchard      carried    Stamey 's      researches      one      step 

further    [Ref.    4].  Using   two      Parabolic    Equation      computer 

algorithms,  Brock's  Split  Step  Fast  Fourier  Transform  and 
Jaeger's  Implicit  Finite  Difference,  as  his  pressure  field 
generators,  he  examined  the  use  of  the  spacing  between  nulls 
of  the  pressure  spectrum  to  determine  source  depth.  His 
results  are  interesting  and  support  the  need  for  further 
investigation. 
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The  author  was  not  satisfied  with  Stanley's  and 
Elanchard's  findings.  3oth  individuals  acknowledged  short- 
comings in  their  respective  studies,  especially  with  regard 
to  the  mutual  presence  of  the  "U-shaped  phenomenon"  encoun- 
tered in  the  pressure  spectrum.  One  should  remember, 
however,  that  their  theses  were  preliminary  studies  only  and 
were  produced  within  a  highly  restricted  time  frame.  Also, 
they  used  existing  computer  algorithms  specifically  designed 
to  approximate  acoustic  propagation  in  a  velocity- variant 
medium.  However,  the  environmental  settings  used  by  both 
gentlemen  were  that  of  the  Lloyds  Mirror  for  an  Acoustic 
Doublet  which  requires  a  constant  sound  speed  throughout  the 
water  column;  thus,  the  approximations,  assumptions  and 
"fudge  factors"  used  by  these  models  make  their  results  for 
an  isospeed  medium  highly  artificial  and  somewhat  suspect. 
Fortunately,  however,  there  exists  for  the  Lloyds  Mirror  a 
simple,  geometric  solution  specifically  designed  for  an 
isospeed  environment  [Ref.  5]-  Since  the  pressure  fields 
for  varying  source  and  receiver  depths  and,  therefore,  the 
corresponding  pressure  spectra,  can  be  precisely  calculated, 
it  was  thought  this  model  would  be  a  good  check  on  the  oper- 
ational applicability  of  Lauer's  proposed  technique. 

Secondary  considerations  of  this  study  were  to  examine 
what  effect,  if  any,  the  introductions  of,  firstly,  surface 
waves  and,  secondly,  noise  would  have  on  the  pressure  spec- 
trum. The  first  objective  was  simulated  by  use  of 
mathematical  formulae  given  in  reference  5;  for  the  second 
objective,  it  was  thought  that  complex  noise,  random  in  both 
amplitude  and  phase  and  similar  to  a  Rician  distribution 
[Ref.  6:  p.  189],  would  provide  a  simple  but  reasonable 
approximation  of  an  ocean  noise  field.  This  investigator 
intends  to  gradually  intensify  the  surface  waves  and  the 
noise  field,  separately,  until  the  original  pressure  spec- 
trum is  no  longer  recognizable.    In  this  manner,   it  should 
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be  possible  to  make  a  qualitative  assessment  of  their 
respective  debilitating  effects  under  the  carefully 
controlled  conditions  found  in  the  Lloyds  Mirror  p hero  men on. 
Section  II  sets  forth  in  more  detail  the  theoretical 
development  of  each  point  described  in  this  introduction. 
Section  III  summarizes  the  investigator's  results  and  the 
conclusions  drawn  frcm  those  results.  Section  IV  contains  a 
listing  of  the  computer  algorithms  utilized. 
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II.    THEORY 

This      chapter    presents      the      mathematical      basis    of      the 
wavenumber   technique. 

A.       THE    LLOIDS    RIRROB   PHENOMENON 

A      diverging         mcnof requency      spherical        pressure      wave 
[Ref.    5:    p.  112]   can    be  written    in    complex    form   as 


fg(R,f)^£(F!)e-'uf  =    7^  (egn  2  ^ 

where  P  (R)  is  the  spatial  factor.  Referring  to  Figure  2.1, 
R?  is  the  range  from  the  source  to  the  receiver  and  3,  is 
the  range  from  the  image  to  the  receiver.  For  convenience 
in  all  tha't  follows,  we  shall  set  A  to  unit  magnitude.  The 
following  equations  apply  to  the  acoustic  waves  propagating 
directly  out  from  the  source  P5  and  from  the  apparent  image 
P;  (which  is  actually  the  wave  reflected  from  the  surface)  : 

m>v  =  ^w«iu'  -  t£  e  "kR'-CJ" 

&(R,t)   =iW;<?-'w'  =    ^e"**2-«"  (egn   2.2) 

where  P  ,  P.  ,  and  P»  are  complex  functions  of  horizontal 
range  r^vertical  depth  Z  and  time  t;  the  minus  sign  in  the 
equation  for  P^  is  derived  from  the  surface  reflection  coef- 
ficient/ \pn  -  -1/  for  a  smooth  surface.  Inspection  of 
Figure   2.1    reveals    that 
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an 


a  .    Ar  = 


R-R 


1.2 


And    so    the    total    field   can    be   written   as 


A-A  =  P(R)e 


-io)t        Jm-ut>         J(kfi-ut) 


R, 


Re 


(egn    2.3) 


Since  P,  and  P;  both  have  the  same  time  factor. 
exp  (—  LujX)  /  ve  can  retain  just  the  spatial  factors  and  equa- 
tions   2.3   reduce    to 


P(R)    = 


giltRf        QikR2 


L  R, 


R 


2     J 


(egn    2.4) 


Equation   2.4    is    a    form   of    the   complex   pressure    as    a    function 
of    range    used    in    the    computer   algorithm   shown   in    Appendix    I. 
Inspection    of    Figure    2. 1    reveals    that,         for    R    >>    Zs    and 
Q      very   small, 

r^R 


or 


sin  9  **  -n- 


or 


A'~7T 


(eqn    2.5) 


and   the    pressure    amplitude   can    be    approximated   by 

£(Rj  «   ~|s//7(— p-j|  (eqn    2.6) 


Looking    at    just    the    formula      for    the    pressure    amplitude, 
we   can    see    that    as 
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(egn    2.7) 

the    pressure   amplitude   goes    to      zero,       producing    the    classic 
|P(R)  j    vs   E    curve   shown   in   Figure   2.2 

B.       TBE    RELATIONSHIP    EETEEEN    K, y  ,     AND  Q 

In  his  description  of  the  Wavenumber  Technique  [Fef.  1: 
p.  5-6 ]#  Lauer  utilizes  the  horizontal  and  vertical  compo- 
nents of  the  wavenumber,  k.  The  general  relationship  amoung 
these  three  terms  is  illustrated  in  Figure  2.3  and  can  be 
written   mathematically  as 

k    =    the   wavenumber    =    2iTf/c 

*y  =    the    horizontal    component    of    k    =    k    cosW 

[J  =    the    vertical    component    of    k    =    k    sin  CD 


or 


VP         2 
J    +p  (egn    2.8) 


C.        THE    "WAVENUMBER    TECHNIQUE    AND    THE    LLOYDS    ftlEBOB 

Given  a  point  source  in  free  space,  the  monof requency 
pressure  field  at  the  receiver,  P  (H)  ,  can  be  expressed  as  a 
spherical   wave     (time    factor    suppressed), 
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R 

where,    from   Figure   2.1, 

2  2,2 


ikR 

£(R)  =       L- r  (eqn    2.9) 


or 


RZ    =   r      +    Z/    ,    for    Zr   >   Zff 


R2    =    r2    +    Zg2    ,    for    Zr   <    Zs 


(eqn    2.  10) 
In    integral   form,    P  (E)    can   be    written   as   [  Eef .    7:    p.    127] 


ikR  r°°  J0(7r)eti^Zr~Z^ 

R  L  iP  (egn    2.  11) 


£W  =       e^L.  ,       J  ~^rrje-K*r    ^_  y  ^ 


which      is      taken      from      the      Fourier-Bessel      Transform      Fair 
[Eef.    7:    pa    126], 


g(y)  =  f^ffrjJJyrJrdr  («gn   2-  12) 


-OO 

'0 

where  f,(r)  represents  the  acoustic  pressure  function  in  the 
range  domain,  and  ^CV)  is  the  acoustic  pressure  spectrum  in 
the  wavenumber  domain.  The  sign  of  the  exponential  function 
in  the  integral  is  based  on  which  of  Zs  and  Zr  is  greater. 
For  the  case  of  receiver  depth  being  greater  than  source 
depth  so  that  waves  from  both  image  and  source  are  travel- 
ling downward  at  the  receiver  depth,  the  total  pressure  at 
the    receiver   can    be    expressed    as 


■*>eiQ(2r-Zs)    _    eiP<Zr  +  Zs) 


£(R)  =     J'- 7^ -J.(rr)rdy      (egn  2-13) 

Use    of   Euler's    Identity    reduces   Equation    2.13   to 
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£(R)  =    -2    f  e'P*  sMPZif     Jjyrjydy  (egn    2.14) 

-'o  " 

Osing    the   relationship   between    the   HanXel    functions    [Bef.    5 
p.    449], 

H[n(yr)  =  JJyr)  *  iYJyr) 

and 

H(02)(yr)  =  JJyr)  -  YJyr) 

(eqn    2.  15) 


one   can   re-write  the    Eessel    function   in   equation    2.14   as 


JJyr)  =  {[H[n(yr)  *  H[%r)\  (eqn   2.16) 


so    that 


oo  n.  roo 


2g(y)  =  f  f(r)H!"(yr)rdr    *    J '  £(r)H(.2)(yr)rdr    ,         .    „. 

"*-  -'o  J<>  '  (eqn    ^.  i7) 


Letting   r'    =   -r    and    looking    at      the    second    term    on    the    right 
hand    side   of  equation    2.17, 

I'^JB'rtffi-yrtr'dr'  =   V  &-r)h™(yr)r  dr         (eqn  2.13) 

-oo 
Now,    assuming    that      f  (r)    =    f  (-r)     ,    then 


f  (I) 

2£(rJ  =   lJSr)H9  (yr)rdr  (egn   2.  19) 

Therefore, 
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(IK 


£(R)  =    -     [mjH_[yr)_  jPzr 


L 


p 


sin(pzs)dy 


(egn    2.  20) 


For    *Vr      >    2  7T      i      the      asymptotic  approximation      of    the 
Eankel   function   for    large  argument   can   be    used: 


H0  (yr)  ** 


Tryr 


i(yr-—) 


(egn    2.21) 


assuming  |r  f (r)  |  goes  to  zero  faster  than  (In  r)  , 


£(R)—   yf^e-K 


'\£T_eiPzrsjn(pZs) 


'-OO 


p 


e'^dy  (egn  2.22) 


Let      the      terms    inside      the      brackets      in    eguation      2.22      be 
defined   as    gCV)  ,    then  ^ 

&      §  rrr     r  oo 


iW  =--  ■  ^p  e-'^ j    g(y)  eiyrdy 


and 


oo 

g(y)e'yrdy    =  -  -JXp-fT E(R)      (egn  2.23) 


-CO 


or,    using   eguation   2.12, 


£(y)  =  - 


7T" 


v' 


-tT-_1 


2  7T 


CO 


-co 


r    P(R)e~'l^rdr 


(egn    2.24) 


Note  that  eguation   2.24  has  the  form  of   the  Fourier  trans 
form  cf  the  pressure  function  if  we  define 


f(r)  =  -fT 'JE(R) 


(egn  2.25) 
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so    thatJr    P(E)      and  £CV)    are    Fourier   Transform    pairs. 
This    equation  can   be    easily    evaluated  [fief*    8], 


£(y)  =  - 


7T 


fin        P 


eipZrsin(pzs) 


(eqn    2. 26) 


for    Zu.      >    Z^      -       And   the    magnitude    of      cj('V) 


is 


<y) 


=  ±OL-sin(pZs) 


(eqn    2. 27) 


For    the   case  where    Z^      >    Zy    ,    it    can   be    shown    tnat 

IT 


i  4 

*(?)  =  —75 


7T 


^     e  sin(JJz^ 


(eqn    2.23) 


and   the    magnitude    of    9CV)     is 


?(r) 


=     p-~  sin(pzr) 


(eqn    2.29) 


A   close   look   at    the    magnitude    cf    the    pressure    spectrum    func- 
tion   in   equation    2.27   reveals    that    nodes    occur   for    values   of 


6Zo    =   nTT 
s 


.    n   =   0,1,2,3, 


(eqn    2.30) 
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If  the  magnitude  of  the  pressure  spectrum  is  plotted  as  a 
function  of  the  vertical  wavenumber  then  the  spacing  between 
nodes  LA  Lj  is  uniform  and  the  depth  of  the  source  can  be 
derived    from    the    relationship    given    by 


7T 


**    "  L\p  (egn    2.31) 

In  the  event  the  source  is  deeper  than  the  receiver,  looking 
at  equation  2.29,  we  can  see  that  nodes  now  occur  for  values 
of 


6Zr    -   mr       ,    n   =    0,1,2,3,...  (eqn    2.  32) 

Plotting  equation   2.29   as  a      function   of    the    vertical    waven- 
umber,        the      spacing      between    nodes      will      now 
receiver   depth    based    on 


Zr    -  -gg-  (egn    2.33) 

Notice  in  equations  2.31  and  2.33  the  exchange  of  source  and 
receiver  depths.  By  placing  the  receiver  at  a  shallower 
depth  than  the  source,  no  new  information  (namely  the  source 
depth)  is  to  be  found. 

In  summary,  there  is  a  way  to  calculate  the  complex 
pressure  amplitude  as  a  function  of  range  using  the  complex 
pressure  spectrum.  Conversely,  if  the  complex  pressure  P  (r) 
has  been  measured  at  the  receiver,  then  the  complex  pressure 
spectrum  P (k)  can  be  derived  by  making  use  of  the  relation- 
ship between  the  Fourier-Bessel  Transform  Pairs  (see  equa- 
tion 2.12),  and  the  depth  of  the  source  can  be  found  from 
the  magnitude  of  that  spectrum  (see  equation  2.3  1). 
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The  foregoing  is  the  mathematics  involved  in  deriving 
the  theoretical  pressure  spectrum.  One  purpose  of  this 
thesis  was  to  compare  the  theoretical  value  of  the  pressure 
spectrum  as  derived  with  the  Fourier-Bessel  Transform  with 
the  pressure  spectrum  obtained  by  use  of  the  computerized 
Discrete  Fourier  Transform  (DFT) ,  otherwise  known  as  the 
Fast  Fourier  Transform,  or  FFT.  At  this  point,  it  will  be 
helpful    to   review    what  happens    in    the   FFT. 

Starting  with  the  Fourier-Bessel  transform  pair  shown  in 
equation  2.  12,  f  (r)  and  5('Y)  can  De  re-written  in  terms 
of   a    discrete   sum   as    is   done   in    the    DFT: 


Fr  I        g(y) 


N-l 


=  Y  £fnAy)  e 


27Tmn 
N 


=    £(m&r) 


n-Q 


(egn    2.2^) 


where      N   -    1,2,3,...,    up    to    some   large   positive    integer,    and 
represents   the    number  of    transform   points,    and 


yr  =  (n  Ay)  (m  Ar)  =  — — 


(eqn    2. 35) 


based    on   the      relationship    between    /\r    and  /\Y     as    described 
in    sampling    theory   [  Bef .    2:    p.    2  ], 


Ay&r  *-*$- 


or 


Ar  = 


27T 


(egn    2. 36) 


NAr 

By  convention,  the  sign  of  the  exponential  function  in  equa- 
tion 2.3U  is  taken  as  negative  when  performing  the  "forward" 
transform, 


FFT 


f(mAr) 


gjn  Ay ) 


(egn    2.37) 
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and      is    taken      as      positive      when    performing      the      "inverse" 
transform, 


FFT 


-i 


g(nLy)\   =  £(mLr) 


(egn    2.38) 


Then,    roo 


gjy)e'  rrdy 


27fmn  "| 


Y^gfnkyJe''    N 


L  nzi 


Ay 


where 


g(nby)  =^J~  eipZrsin(pzs) 


Therefore 


and 


£(m&r)    =    -    Vtt7~   e" 


Ay  FFT 


-/ 


g(n&y) 


ojn  At; 


f-y- 


(ecu    2.39) 


D-   THE  EFFECTS  OF  SURFACE  ROUGHNESS 

Surface  roughness  [Ref.  5:   p. 409]   reduces  the   Lloyds 

Mirror  effect.    The   rougher  the  surface,   the   greater  the 

effect  for  angles  increasingly   closer  to  grazing  incidence. 

If  H  represents  the  surface  roughness  factor,   then  equation 

2.3  can  be  re- written  as 

ikR 


P(R)  = 


R 


-  e 


M2   ikR 
-M   e 


R 


where 


w  _  4H  sin<J> 
M  =  > 


(egn  2.40) 
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Cp  is  the  grazing  angle  of  incidence,  H  is  the  average 
height  of  the  surface  gravity  waves,  and  \  is  the 
wavelength  of  the  narrowband  continuous  wave  acoustic 
signal.  When  M  is  less  than  1,  the  surface  is  said  to  be 
smooth;  when  H  is  greater  than  1,  the  surface  is  said  to  be 
rough. 

looking  at  Figure  2.1,  we  can  see  that  the  overall 
effect  of  increasing  surface  roughness  is  to  reduce  the 
contribution  of  the  surface  reflection  or  "image"  to  the 
interference  pattern  at  the  receiver.  In  other  words,  as  H 
increases,  the  energy  detected  by  the  receiver  is  increas- 
ingly only  the  energy  coming  directly  from  the  source.  When 
the  effect  of  surface  roughness  is  a  maximum  such  that  the 
contribution  to  the  pressure  field  of  the  "image"  is 
completely  suppressed,  then 


f       JkRt 

^}  =   J.   ^-^(rr)rdr 

iP\zs~Zr\ 


—  (egn    2.41) 


IP 

and   the    magnitude    of    the   spectrum   is 


g(y)  |     -   \  (egn    2.42} 


E.   THE  EFFECT  OF  ADDING  NOISE 

In  an  effort  to  simulate  a  realistic  ocean  environment, 
a  normally  distributed  narrowband  noise  field  based  en  a 
Eician  distribution  [Bef-  6:  p.  189]  was  adapted.  The 
resulting  acoustic  pressure  field  can  be  expressed  as 
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J^(R)    =    £(R)   +   £  (eqn    2.43} 

where  .n  is  a  normally-distributed  random  function  with  a 
mean  cf  zero,  a  standard  deviation  of  one  and  possesses  both 
amplitude  and  phase.  The  noise  operates  independently  on 
both  the  amplitude  and  phase  components  of  the  pressure 
field.  Since  n  is  independent  of  range  and  wavenumber,  it 
is    treated    as    a    constant   by    the   Fourier   Transform. 

A  fourth  intention  of  this  thesis  was  to  discover  the 
degree  to  which  ncise  degrades  the  wavenumber  spectrum 
compared  with  the  corresponding  degradation  of  the  range 
domain.  To  produce  the  random  noise  fields  used  in  this 
research,  the  routine  listed  as  "GGNML"  in  the  IMSL  library 
[Ref.  9]  was  called  upon  twice  to  generate  independent, 
pseudo-random  functions  which  interact  separately  and  simul- 
taneously with  both  the  amplitude  and  phase  components  of 
?{R)  .  While  not  an  elaborate  scheme,  owing  to  time  and 
resource  constraints,  it  was  felt  that  this  modest  simu- 
lacrum of  narrowband  noise  would  give  a  fairly  accurate, 
first  cut  "feel"  for  the  effects  of  noise  on  the  wavenumber 
spectrum.  The  reader  should  be  aware,  however,  that  no 
direct  consideration  cf  coherency  along  the  range  path  was 
taken   into   account    by  this    method. 
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Figure  2.1    The  Geometry  of  the  Lloyds  Mirror  Effect 
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Figure    2.2         A   Classic  JP  (R) J  vs.    B   Curve 
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Figure  2.3    The  Relationship  Between  K,     "Y  and  Q 

32 


III.  EEfuJLTS  AND  CONCLUSIONS 

A.   THE  FFT  ALGOEITHH 

The  research  for  this  thesis  was  conducted  entirely  with 
computer  algorithms  to  model  the  Lloyds  Mirror,  the  Fast 
Fourier  Transform,  the  range  windows,  waves,  and  the  narrow- 
Land  noise.  This  was  necessary  since  the  Lloyds  Mirror  is 
an  idealized  representation  of  a  situation  that  occurs  only 
rarely  in  nature,  and  at  that  is  limited  to  isospeed  surface 
ducts.  Also,  time  and  money  constraints  were  such  that  the 
use  cf  computer  models  was  an  absolute  necessity.  For  these 
reasons  and  because  the  FFT  is  the  heart  of  the  Wavenumber 
Technique,  finding  a  reliable,  easy-to-use  computer  algo- 
rithm to  perform  the  FFT  on  the  complex  pressure  function 
was  deemed  very  important. 

Initially,  the  IMSL  library  routines,  FFT2C  and  FFTCC 
[Ref.  9:  p.  232],  were  used  to  generate  the  pressure 
spectra.  Although  the  author  was  unable  to  ascertain  just 
how  Stanley  performed  the  FFT  on  his  data,  it  is  highly  prob- 
able that  he  used  an  IMSL  library  routine.  While  in  his 
thesis,  Blanchard  stated  that  he  used  the  FFTCC  routine. 
The  magnitude  of  a  typical  spectrum  generated  by  the  routine 
FFT2C  is  shown  in  Figure  3.  1. 

The  same  scenario  used  to  generate  Figure  3. 1  was  used 
to  produce  the  spectrum  shown  in  Figure  3.2,  but  the  routine 
FFTCC  was  utilized.  As  can  be  seen,  the  resulting  graphs  of 
the  pressure  spectrum  magnitude  are  practically  identical. 
Indeed,  the  set-up  of  the  pressure  fields  for  insertion  into 
each  routine  differ  cnly  in  that  FFT2C  requires  a  data  set 
consisting  of  an  integral  power  of  two  number  of  points, 
whereas  FFTCC  will  handle  any  number  of  points.    And,   when 
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the  Cooley-Tukey  FFT  listed  in  Appendix  I  was  used  to  trans- 
form the  same  pressure  field  as  was  utilized  to  produce 
Figures  3.1  and  3.2,  Figure  3.3  was  the  result.  This  algo- 
rithm differs  somewhat  from  the  IKSL  routines  by  the  manner 
in  which  the  pressure  field  data  is  treated.  Both  FFT2C  and 
FFTCC  are  designed  to  handle  a  complex  array.  The 
Cooley-Tukey  FFT,  on  the  other  hand,  is  designed  to  trans- 
form real  data;  but  the  pressure  field  is  complex.  To  get 
around  this  apparent  conundrum,  the  pressure  data  is  defined 
as  either  real  or  imaginary  by  its  placement  in  the  array. 
As  can  be  seen,  the  resultant  graph  of  the  spectrum  magni- 
tude is  almost  indistinguishable  from  that  produced  by 
either  IMSL  routine.  In  conclusion,  it  does  not  matter 
which  FFT  routine  is  used  to  generate  the  pressure  spectrum, 
as  long  as  the  pressure  field  in  the  range  domain  is 
"fitted"  into  the  array  in  a  manner  suitable  to  the 
particular  algorithm  used. 


TABLE  I 
Critical  Values  Used  in  the  Research 


K  (m*1) 

N 
1024 

r  Cm) 
0.524 

Cm"1) 

3.0 

1.172  x  10"2 

2.0 

1024 

0.785 

7.816  x  10"3 

1.0 

1024 

1.571 

3.906  x  10"3 

It  is   important  to   note  four  things   about  the   FFT  at 
this  point. 

1-   Since  the   FFT  is   given  only   a  finite   sample  of   a 
function   while   the   theoretical   Fourier   Transform 
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looks  at  the  complete  function,  the  computer  algo- 
rithm is  designed  to  overcome  this  necessary  short- 
coming by  assuming  the  submitted  finite  sample 
repeats  its  pattern  an  infinite  number  of  times. 
This  can  present  problems.  If  the  right  hand  side  of 
one  pattern  does  not  flow  smoothly  into  the  left  hand 
side  of  the  next  repetition,  as  is  shown  in  Figure 
3.1,  then  high  freguency  oscillations  known  as  the 
Gibbs  Phenomenon  can  be  introduced  into  the  spectrum. 
(See  Figure  3.5)  This  is  a  very  real  danger  where 
accustic  pressure  fields  are  concerned.  For  example: 
if  the  sample  size  does  not  include  the  entire 
pattern  (i.e.,  the  pressure  magnitude  has  not  been 
completely  attenuated  prior  to  the  endpoints  of  the 
sample) ,  this  unwanted  "jitter"  in  the  spectrum  can 
result-  To  avoid  this  situation,  not  only  was  a 
pressure  field  symmetric  about  the  origin  (the 
source)  used,  but  also  a  Hanning  Window  was 
constructed  to  reduce  both  the  amplitude  and  the 
phase  components  of  the  pressure  field  to  zero  at  the 
endpoints,  thus  avoiding  the  Gibbs  Phenomenon. 
Figure  3. 6  shows  the  same  pressure  field  depicted  in 
Figure  3.4  combined  with  a  Hanning  Window.  Its  spec- 
trum is  shown  in  Figure  3.7.  The  Gibbs  Phenomenon  is 
absent.  The  form  of  the  window  is  given  below.  The 
reader1 s  attention  is  directed  to  Appendix  I  for  a 
view  of  the  nanner  in  which  it  is  combined  with  the 
pressure  field. 


The  Hanning  Window: 


W    =  0.5 


I  +  cos(± 

\  NPTS 


(egn  3.1) 
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where  "NPTS"   is  the   number  of   data  points, 
and   I  =  1  ,2,3,.. . ,NPTS. 

The  Banning  Window  does  not  affect  the  acoustic  pres- 
sure field  in  any  other  way;  the  interference  pattern 
in  the  range  domain  characteristic  of  the  Lloyds 
Mirror  for  an  Acoustic  Doublet  regains  the  same 
except  for  its  amplitude  near  the  end  points.  As 
shall  be  shown  later  in  this  chapter,  it  is  the 
pattern  of  the  entire  pressure  field,  not  simply  the 
amplitude  of  the  pattern,  on  which  the  tf. 1.  performs 
its  legerdemain. 

2.  Because  the  vertical  wavenumber  beta  is  real  and  has 
physical  meaning  for  values  of  the  horizontal 
wavenumber  less  than  k,  only  those  values  of  the 
magnitude  of  the  acoustic  pressure  spectrum —corre- 
sponding to  *V  <  k   were  retained. 

3.  In  the  Wavenumber  Technique,  the  relationship  between 
the  horizontal  range  step  size  l\r  and  the  hori- 
zontal wavenumber  step  size  Jl^Y  is  extremely 
important.   Recalling  equation  2.36, 


?r 


Lyl\r   =-V  ,egn  3.2) 


for    a      given    "N,"      the   term   on      the   right      hand    side, 
2  7T /N    ,    is   a    constant.      Consequently, 


A'    <*    <W'  (egn    3.3) 


Simultaneously,  in  accordance  with  sampling  theory, 
in  order  to  prevent  aliasing  in  the  pressure  spec- 
trum,   there   is  an    upper    limit    on    the    size    of      Ar: 
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Ars-j-  (egn  3.4) 

Normally,    l\  r  is   chosen  such  that  it   is  much  less 
than  half  a  wavelength;  specifically,   Ar  <   A/5  or 

A/6,   thus   a  good   sample  of   the  range   domain  is 
ensured.    However,   from  equation  2.36,   the  smaller 

ZAr  becomes,  the  larger  fyY  becomes  and  the 
coarser  the  sample  sizes  of  the  spectrum  become. 
Also,  to  ensure  adeguate  samples  in  the  spectrum, 
examination  of  equations  2.25  and  2.36  and  [Eef.  10] 
reveals  that 


^7    2k  \  z  )  (egn  3.5) 


where  Z  is  the  deeper  of  the  two  depths,  whether 
source  or  receiver.  So  there  is  a  delicate  balance 
to  maintain  between  the  sizes  of  zAr  and  L^Tf  "  In 
the  spirit  of  compromise,  the  investigator  chose  to 
use  a  range  step  size  egual  to  a  guarter  of  a  wavel- 
ength where 


x  ■-*£. 


f  (egn  3.6) 

For  most  cases  investigated,  values  for  Jc  ,  N  ,  /\r 
and  [a'Y  are  summarized  in  Table  I.  As  can  be  seen, 
using  these  values  and  equation  3.5,  for  a  "Z"  value 
of  25  wavelengths,  the  maximum  size  /X'Y  can  assume 
and  still  ensure  an  adeguate  sample  size  is 
/\y  ~  0.0004  /m.  Clearly  the  sizes  of  A^  shown 
in  Table  I  are  too  coarse  by  a  factor  of  approxi- 
mately 20.  Only  by  increasing  N  ,  the  number  of 
sample    points,        can    this      discrepancy    be      corrected. 
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However,  as  mentioned  earlier,  computer  resources 
were  limited.  The  effect  on  the  research  results  is 
not  significant;  nevertheless,  it  is  recommended  the 
reader  bear  this  limitation  in  mind  during  the 
succeeding  pages. 
4.  Looking  again  at  Figures  3.1  through  3.3,  the  FFT  is 
the  curve  marked  by  the  solid  line,  while  the  theo- 
retical Fourier  Transform  is  the  curve  marked  by  the 
dotted   line.  Notice    the    large      discrepancy   between 

the  theoretical  values  and  the  actual  values  in  the 
region  corresponding  to  small  vertical  wavenumbers. 
This  happens  to  correspond  to  a  region  of  the  spec- 
trum characterized  by  more  rapid  fluctuations  in  the 
spectrum.         However,  the    size    of    beta      is    constant. 

Consequently,  fewer  samples  of  this  region  of  the 
spectrum  are  available  as  compared  with  that  region 
corresponding  to  high  beta  values.  Since  the  plot- 
ting routine  utilized  is  interpolating  between 
sampled  points  of  the  spectrum,  the  graph  at  this  end~ 
is  less  smooth  and  results  in  a  marked  difference 
between  the  curves.  Where  the  curves  are  determined 
by  more  points  and  are  smoother,  the  discrepancy 
between  theory  and  computerized  reality  is  much  less 
noticeable. 

B.       SOURCE    DEPTH    DETEB3INATI0N 

Theory  predicts  that,  for  a  source  shallower  than  the 
receiver,  when  the  magnitude  of  the  pressure  spectrum  is 
plotted  as  a  function  of  the  vertical  wavenumber,  the  resul- 
tant nodal  spacing  can  be  used  to  determine  source  depth  by 
either  consulting  a  chart  (see  Figure  3.8)  or  by  performing 
a   simple      calculation    (see      equation    2.31).  To    test      this 

prediction,      several    scenarios    were      designed.         Figures    3.9 
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through  3.11  are  typical  of  the  many  cases  run.  In  each, 
source  depth  is  less  than  receiver  depth.  For  each  case, 
careful  measurement  of  the  Z\Zj  spacing  coupled  with  use  of 
equation  2.31  yielded  the  (already  known)  source  depth  with 
less  than  a  two  per  cent  error,  which  can  be  attributed  to 
human  error  in  the  measurement  of  /\  [J . 

TABLE  II 
Results  of  Source  Depth  Determination  Buns 


Figure  Nr . 

ZS  (m) 

ZR  (M) 

(Meas 'd) 

Z(Calc'd) 

3.9 

21.998 

47.124 

0.14  m"1 

22.4  m 

3.10 

31.416 

47.124 

0.10   " 

31.4  " 

3.11 

15.708 

47.124 

0.20   " 

15.7  ,! 

3.12 

47.124 

21.998 

0.14   " 

22.4  " 

3.13 

47.124 

31.416 

0.10   " 

31.4  " 

3.14 

47.124 

15.708 

0.20   " 

15.7  " 

To  test  what  happens  when  the  receiver  depth  is  shal- 
lower than  the  source  depth,  the  cases  depicted  in  Figures 
3.12  through  3.14  were  run.  The  scenario  is  the  same  as  for 
Figures  3.9  through  3.11;  only  the  source  and  receiver 
depths  have  been  exchanged.  As  can  be  seen,  the  /\  /) 
spacing  corresponds  with  the  receiver  depth.  This  is  again 
as  predicted  by  theory.  Table  II  summarizes  the  findings  of 
Figures  3.9  through  3.14. 
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The  scenarios  shown  in  Figures  3.9  through  3.14  all 
start  with  a  pressure  field  measured  horizontally  from  the 
source;  i.e.,  the  exact  range  to  the  source  is  known.  fihat 
if  the  range  to  the  source  is  not  known,  or  only  minimal 
information  concerning  the  range  is  known?  In  this  case, 
only  a  portion  of  the  pressure  field  starting  at  seme 
initial  range  P.e  can  be  sampled.  What  is  the  effect  on 
the  spectrum? 

To  answer  these  questions,  a  range  window  was 
constructed  and  placed  at  varying  initial  ranges  from  the 
source.  As  Figure  2.2  illustrates,  as  range  from  the  source 
increases,  the  nodes  of  the  Lloyds  Mirror  interference 
pattern  in  the  range  domain  become  more  widely  spaced. 
Given  fewer  nodes  to  sample,  will  the  spectrum  be  the  same? 
In  accordance  with  theory,  the  spectrum  is  independent  of 
range  (see  equation  2.39)  and  so  should  be  the  same  wherever 
the  window  is  placed. 

Figures  3.15  through  3.17  illustrate  that  the  spectrum 
is  not  entirely  independent  of  range.  The  figures  utilize 
the  same  scenario  as  was  used  above,  differing  only  in  the 
range  from  the  source  at  which  the  sampling  of  the  pressure 
field  begins.  As  can  be  seen,  beginning  at  the  right  hand 
side  which  corresponds  to  high  vertical  wavenumber  values, 
or  the  low  horizontal  wavenumber  values  (see  equation  2.8), 
a  "washing  out"  of  the  spectrum  occurs,  increasing  as  the 
range  window  is  moved  further  from  the  source.  Again,  the 
theoretical  curve  is  marked  by  the  dotted  line. 

When  the  magnitude  of  the  pressure  spectrum  is  plotted 
as  a  function  of  the  vertical  wavenumber,  the  useful  portion 
of  the  resulting  graph  is  the  last  two-thirds  of  the  beta 
range.  For  K  =  2.0/m,  this  is  the  range 
0.67/m  <  fj  <  2.0/m.  This  phenomenon  is  explained  more 
fully  in  Section  III  A  4.  Kith  this  caveat  in  mind  and 
based   upon    multiple   source,    receiver,     range   window 
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combinations  run  through  the  model,  the  following  criterion 
was  established:  the  nodal  spacing  of  the  spectral  plots 
was  no  longer  determinable  once  the  initial  range  R0  was 
increased  to  approximately  three  times  the  source  depth.  In 
other  words,  minimum  knowledge  of  the  range  from  receiver  to 
source  must  be  available  to  ensure  adequate  sampling  of  the 
acoustic  pressure  field  in  the  range  domain.  This,  in  turn, 
will  produce  a  pressure  spectrum  of  such  a  quality  that 
source  depth  determination  can  be  made. 

"What  causes  this  not  entirely  unexpected  result?  As  the 
range  window  is  moved  further  from  the  source,  for 
Zs  zf  Zr  ,  those  samples  of  the  pressure  field  corresponding 
to  low  gamma  values  are  lost  to  the  spectrum  first.  low 
gamma  values  correspond  to  waves  arriving  at  high  angles 
with  respect  to  the  horizontal.  At  greater  receiver  ranges, 
E  more  closely  approximates  r  and  the  arrival  angles  become 
closer  tc  the  horizontal  (see  Figure  2.1). 

As  the  window  is  moved  further  from  the  source  and  fewer 
nodes  of  the  interference  pattern  are  encountered,  if  a 
wider  window  were  used,  could  this  "washing  out"  effect  in 
the  spectrum  be  minimized  or  even  eliminated?  In  the 
author's  opinion,  it  would  be  minimized;  because  of  the 
reasoning  in  the  preceding  paragraph,  it  probably  would  not 
be  eliminated.  However,  a  wider  window  would  reguire  more 
sample  points;  because  of  equation  2.36,  one  cannot  merely 
make  ZAr  larger.  Time  and  the  computer  resources  available 
to  this  investigator  were  limited,  and  the  test  cases  run 
were  already  using  the  maximum  available  array  sizes,  thus 
precluding  a  quantitative  illustration  of  this  hypothesis. 
Succeeding  research  into  the  W.T.  might  include  ways  to  test 
this  point. 

In  conclusion,  the  Wavenumber  Technigue  has  the  poten- 
tial for  being  a  valuable  operational  tool  in  determining 
the  depth  of  an  acoustic  source   provided  the  receiver  is  at 
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a  greater  depth  than  the  source.  It  is  strongly  recommended 
that  further  research  into  use  of  the  W.T.  in  a  realistic 
ocean   environment   be    done. 

C.       THE    EFFECT    OF    SUEFACE    ROUGHNESS 

This  and  the  succeeding  section  were  purely  qualitative 
portions  of  the  research.  Therefore,  in  the  figures  the 
spectra  were  plotted  as  functions  of  the  horizontal 
wavenumber  for  ease  of  discussion  except  where  a  particular 
point  about  the  vertical  wavenumber  was  being  illustrated, 
and    the    theoretical    curve    was    omitted. 

As  described  in  Chapter  II,  the  effect  of  surface  rough- 
ness is  to  suppress  the  contribution  of  the  image  to  the 
dipole  interference  pattern.  Moreover,  by  increasing  M,  the 
effect  is  to  suppress  the  image's  contribution  to  the  pres- 
sure field  in  the  range  domain  and  reduce  the  pressure  spec- 
trum to  the  contribution  of  the  direct  path  wave  only  (see 
equation  2.41);  the  resultant  magnitude  of  the  spectrum  is 
inversely  proportional  to  the  vertical  wavenumber  (see  equa- 
tion 2.42).  As  Figures  3.18  through  3.21  illustrate,  this 
is  exactly  what  happens  in  the  FFT.  In  Figure  3.21,  an 
inverse  beta  curve  has  been  manually  superimposed  onto  the 
actual   curve   to    reflect    this    point. 

Looking  at  the  pressure  field  in  the  range  domain  jP(fc) 
the  effect  of  surface  roughness  is  inversely  proportional  to 
the  wavelength  of  the  signal.  For  longer  wavelengths,  the 
Lloyds  Mirror  effect  is  more  tolerant  of  surface  roughness 
than  it  is  for  shorter  wavelengths.  Does  the  same  relation- 
ship hold  for  the  pressure  spectrum?  Comparison  of  the 
respective  sea  states  in  Figures  3.22  and  3.23  with  Figures 
3.24    and   3.25    illustrate    that    it   does. 

This  investigator  also  looked  at  the  effect  of  varying 
the    range    window   in    the   presence   of    waves.         This    is    similar 
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to  what  was  looked  at  in  Section  B  of  this  chapter.  Results 
should  be  similar  and  for  the  same  reasons.  For  a  given  sea 
state,  source  and  receiver  geometry  and  wavelength,  the 
range  window  was  moved  successively  further  from  the  source 
(see  Figures  3.26  through  3.29).  As  can  be  seen,  the 
"washing  out"  effect  of  the  spectral  nodes  begins  to  effect 
the  lower  horizontal  wavenumber  values  first. 

D.   THE  EFFECT  OF  HOISE 

Random  noise  was  simulated  in  this  research.  Being 
independent  of  range  and  frequency,  it  was  treated  as  a 
constant  by  both  the  Fourier  Transform  and  the  FFT.  The 
investigator  wished  to  compare  qualitatively  the  effects  of 
equal  amounts  of  noise  on  the  pressure  field  in  the  range 
domain  and  in  the  wavenumber  domain.  To  do  this,  succes- 
sively larger  values  of  the  "noise  factor"  were  used  in 
computing  n  (see  equation  2.43).  7alues  of  the  noise 
factor  used  in  the  research  were  limited  to  the  maximum 
amplitude  c£  the  pressure  field  P(R).  Since  lipole  radia- 
tion is  predicated,  as  range  from  the  source  increases,  the 
maxima  of  the  interference  pattern  decrease  as  the  inverse 
square  of  the  range  (i.e.,  R  ).  Hence,  even  small  noise 
factors  can  have  a  devastating  effect  on  the  pressure  field 
as  the  receiver  is  stepped  out  in  range.  The  destructive 
effect  on  the  spectrum  of  successively  more  intense  amounts 
of  noise  at  varying  wavelengths  is  illustrated  in  Figures 
3.30  through  3.47 

Several  conclusions  concerning  the  pressure  spectra  can 
be  drawn  from  these  results: 

1.  For  equal  amounts  of  noise,  longer  wavelengths  are 
affected  less  than  shorter  wavelengths.  Compare 
Figures  3.31  and  3.32  with  Figures  3.43  and  3.44,  and 
Figures  3.34   and  3.35   with  Fiyures   3.46  and   3.47. 
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This   was   not    a   surprising    result    since    the    same    prin- 
ciple  holds   for    the    range    domain. 

2.  The  spectrum  is  affected  less  by  noise  than  is  the 
range  domain.  Compare  Figures  3.30  through  3.35  and 
Figures  3.36  through  3.47  for  an  illustration  of  this 
point  at  two  different  wavelengths  and  various  noise 
levels.       This    was   a    rather    welcome    surprise. 

3.  If  the  magnitude  of  the  pressure  spectrum  is  plotted 
as  a  function  of  beta,  the  /\m  spacing  can  still 
be  detected  even  after  the  pressure  function  in  the 
range  domain  has  been  "swallowed  up"  by  the  noise 
field.  Compare  Figures  3.33  through  3.35  and  Figures 
3.42  through  3.44.  This  was  not  surprising  in  view 
of   2.    above. 

E,       SUMMATION 

All  of  the  foregoing  results  are  based  specifically  on 
the  lloyds  Mirror  for  an  Acoustic  Doublet.  This  is  a  highly 
idealized  and  artificial  environment.  Any  thought  of  imme- 
diately applying  conclusions  reached  in  this  paper  to  a  real 
world  situation  is  premature.  However,  the  results  are- 
still  significant  if  only  for  supporting  the  statement  made 
by  each  preceding  investigator  that  the  Wavenumber  Technique 
should  be  examined  very  closely  for  a  future  operational 
role,  especially  in  view  of  the  current  trends  in  source 
levels  and  ambient  ncise  levels. 

Certain  fundamental  conclusions  regarding  the  author's 
research  into  the  Wavenumber  Technique  can  now  be  made 
within  the  confines  of  the  above  restriction: 

1.   Source   depth  can   be  determined   quickly  and   easily 
from  the  acoustic  pressure  spectrum  provided 
a)  the  receiver  is  deeper  than  the  source, 
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b)  some   knowledge   of   the  range   from   receiver   to 
source  is  available, and 

c)  the  magnitude  of  the   pressure  spectrum  is  plotted 
as  a  function  of  the  vertical  wavenumber. 

Source  depth  determination  in  even  a  noisy  environ- 
ment is  possible.  While  the  introduction  of 
increasing  amounts  of  narrow  band  noise  adversely 
affects  both  the  range  domain  and  the  wavenumber 
domain,  the  pressure  spectrum  seems  able  to  withstand 
the  chaotic  destruction  longer  than  does  the  pressure 
field  in  the  range  domain. 

The  ability  to  determine  source  depth  is  adversely 
affected  by  the  height  of  surface  gravity  waves  since 
surface  roughness  reduces  the  Lloyds  Mirror  as  the 
sea  state  increases. 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  20  ra,  K  =  2.0/m, 
RECEIVER  DEPTH  =  50  m,  N  =  1024 
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Figure  3.1    Pressure  Spectrum  Osing  FFT2C 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  20  m,  K  =  2.0/m, 
RECEIVER  DEPTH  =  50  m,  N  =  1024 
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Figure  3.2    Pressure  Spectrum  nsing  FFTCC 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  20  m,  K  =  2.0/m, 
RECEIVER  DEPTH  =  50  m,  N  =  1024 
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Figure   3.3        Pressure   Spectrua   Osing   Cooley-Tukey   FFT 
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Figure  3.4    Non-smoothed  Pressure  Field 
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Figure  3.5   Pressure  Spectrum  Showing  Gibbs  Phenomenon 
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Figure  3.6    Pressure  Field  Combined  With  a  Banning  Window 
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Figure  3.7   Pressure  Spectrum  Combined  With  a  Banning  Window 
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Figure  3.8   Theoretical  Source  Depth  Determination  Curve 
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PRESSURE  SPECTRUM  VS  K 
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Fiqure  3.9   Graph  of  Pressure  Spectrum, 
Source  at  22.0  Meters 
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PRESSURE  SPECTRUM  VS  KZ 

RECEIVER  DEPTH  =  47.124  M,  K  =  2.0/M, 
N  =  1024 
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Figure   3.10        Graph    of   Pressure  Spectrum, 
Source   at    3  1.4   Meters 
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PRESSURE  SPECTRUM  VS  KZ 

RECEIVER  DEPTH  =  47.124  M,  K  =  2.0/M, 
N  =  1024 
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Figure  3.11    Graph  of  Pressure  Spectrum, 
Source  at  15.7  Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  47.124  M,  K  =  2.0/M, 
N  =  1024 
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Figure  3.12    Graph  of  Pressure  Spectrum, 
Receiver  at  22.0  Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  47.124  M,  K  =  2.0/M, 
N  =  1024 
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Figure  3.13    Graph  of  Pressure  Spectrum, 
Receiver  at  31.4  Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  4  7.124  M,  K  =  2.0/M, 
N  =  1024 
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Figure  3.14    Graph  of  Pressure  Spectrum, 
Receiver  at  15.7  Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  21.998  M,  K  =  2.0/M 
RECEIVER  DEPTH  =  47.124  M,  N  =  1024 
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Figure    3. 15        Pressure   Spectrum, 
Range    Window   Set   at   47.1    Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  21.998  M,  K  =  2.0/M, 
Receiver  Depth  =  47.124  M,  N  =  1024 
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figure    3.  16        Pressure   Spectrum, 
Range    Window    Set    at   50.3    Meters 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  21.998  M,  K  =  2.0/M, 
RECEIVER  DEPTH  =  47.124  M,  N  =  1024 


LJ 


o 


in 


o 


in 


e-  ^H 


CD 

CC   o 
2=   r^ 


LJ 


LJ 


no 


LJ 

en 
o 


in 
o 


o 

o 


O 


CO  0.5 

VERTICAL 


1.0  1.5 

IRVENUMBER,    1/M 


2.0 


Figure   3. 17        Pressure   Spectrum, 
Range    flindow   Set  at   62-8   Meters 
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SOURCE  DEPTH  =  21.998  M.  K  =  2.0/M 
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Figure  3.18    Pressure  Spectrum,  Sea  State  0 
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Figure  3.19   Pressure  Spectrum,  Sea  State  2 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  21.998  M,  K  =  2.0/M 
RECEIVER  DEPTH  =  47.124  M,  H  =  3  M 
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Figure  3.20    Pressure  Spectrum,  Sea  State  3 
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Figure  3.21    Pressure  Spectrum,  Sea  State  5 
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PRESSURE  SPECTRUM  VS  KH 

SOURCE   DEPTH   =    21.998    M,    N   =    1024 
RECEIVER    DEPTH    =    47.124   M 


o 

CM 


O 
O 


LJ 

CD 
U 


o 

CD 


CD 


z: 

ID 

LJ 

Q_ 

en 


LJ 


o 


0.00  0.25  0.50  0.75 

HORIZONTAL  WRVENUMBER,  1/M 


Figure  3-22    Pressure  Spectrum,  Sea  State  0,  K  =  1-0 
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PRESSURE  SPECTRUM  VS  KH 
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Figure  3.23    Pressure  Spectrum,  Sea  State  3r  K  =  -1.0 
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Figure  3.24    Pressure  Spectrum,  Sea  State  0r  K  =  2.0 
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Figure  3.25    Pressure  Spectrum,  Sea  State  3,  K  =  2-0 
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SOURCE  DEPTH  =  21.998  M,  N  -  1024 
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Figure  3.26    Pressure  Spectrum, 
SS  2,  Bange  Window  Set  at  50  Meters 
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SOURCE  DEPTH  =  21.998  M,  N  =  1024 
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Figure  3.27    Pressure  Spectrum, 
SS  2,  ETange  Window  Set  at  100  Meters 
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MRGNITUDE  OF  PRESSURE  RS  R  FN  OF  RRNGE 

SOURCE  DEPTH  =  21.998  M,  RECEIVER  DEPTH  =  47.124  M, 
RANGE  STEP  SIZE  =  1.57  M,  N  =  1024 
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Figure  3.30    Pressure  Pieia,  K  =  1-0,  U=    0.005 
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Figure  3.31   Pressure  Spectrum  vs.  Gamma 
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Figure  3.32   Pressure  Spectrum  vs.  Beta 
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SOURCE    DEPTH    =    21.998    M,    RECEIVER    DEPTH    =    47.124    M, 
RANGE    STEP    SIZE   =    1.57    M,    N   =    1024 
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Figure  3.33        Pressure   Field,    K  =    1.0,     fj.  =   0.01 
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Figure    3. 34        Pressure  Spectrum    vs.    Ga«ma 
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Figure  3.35   Pressure  Spectrum  vs.  Beta 
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SOURCE  DEPTH  =  21.998  M,  RECEIVER  DEPTH  =  47.124  M 

RANGE  STEP  SIZE  =  0.785  M,  N  =  1024 
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Figure   3.36         Pressure    Field,    K   =   2.0,      U=   0.0001 
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Figure  3.37   Pressure  Spectrum  vs.  Gamma 
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Figure  3.38   Pressure  Spectrum  vs.  Beta 
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MRGNITUDE  OF  PRESSURE  PS  R  FN  OF  RRNGE 

SOURCE  DEPTH  =  21.998  M,  RECEIVER  DEPTH  =  47.124  M 
RANGE  STEP  SIZE  =  0.785  M,  N  -  1024 
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Figure  3.39        Pressure   Field,    K   =   2.0,     fj.  =    0.001 
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Figure  3.^0   Pressure  Spectrum  vs.  Gamma 
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Figure  3,4  1   Pressure  Spectrum  vs.  Beta 
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Figure   3.42        Pressure    Field,    K   =    2.0,     fj.  =    0.005 
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Figure  3. 43   Pressure  Spectrum  vs.  Gamma 
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PRESSURE  SPECTRUM  VS  KZ 

SOURCE  DEPTH  =  21.998  M,  K  =  2.0/M 
RECEIVER  DEPTH  -  47.124  M,  u  =0.005 
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Figure  3.44   Pressure  Spectrum  vs.  Beta 
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PRESSURE   SPECTRUM   VS   KH 

SOURCE    DEPTH    =    21.998    M,    K    =    2    O/M 
RECEIVER    DEPTH   -   47.124    M,    u    =    0.01 
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Figure  3.46   Pressure  Spectrum  vs.  Gamma 
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Figure  3.47   Pressure  Spectrum  vs.  Beta 
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APPENDIX    A:       LLOYDS   MIRROR    PRESSURE   FIELD    SOURCE    CODE 


oooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOO*-^-'—  r-r-r- t-T— »—  T-'sXNCNCNrsl'NrNrNrN^JPnrn'^Tn^^n'^in-or^^^.  -y  ^y -j. -j.  ^y -j.  3. 

ooouoooooooooaoouooooaooooooaooooooooaoooooooooo 
ouoooooooooooooouojooooyooooaooooooooooooooooooo 
vi  m  m  m  m  en  en  en  en  in  en  en  en  en  en  to  en  en  en  en  en  in  en  en  tn  en  en  en  tn  en  a:  tn  in  tn  en  en  in  en  en  m  en  en  en  in  w  en  en  in 

Wua&3LUSUag&3CxJ|xJE^WUJCUlMtMliJU3WliJ(ilLSjW 

MMMMMMMMMMMMMMMMMMlHMMMMMt^MMMMMMMHMMMMMMMMMMMt-'fc-'MM 
25  • 


* 

m 

• 

* 

CJ 

03 

♦ 

H 

-O    • 

* 

ps 

C3Q3 

* 

O 

ew 

# 

35(30 

* 

W 

zs: 

* 

a; 

U3  35 

* 

(-1 

3»Z 

* 

<w 

* 

M 

3> 

■fi- 

< 

< 

st 

H-H* 

* 

• »} 

«S3 

* 

•z. 

HhI 

* 

V- 1 

z<e 

* 

m 

DO 

■M- 

:- 

•S3M 

-* 

13 

HbH 

JL 

—I 

:. « U3 

W 

in 

O-M 

* 

3> 

*• 

W 

<- 

=> 

aua 

* 

£c 

—  33 

■* 

35 

dH 

* 

U 

-a- 

en  in 

* 

i-i 

>> 

# 

■«• 

10 

SCS 

# 

> 

rara 

* 

o^-e. 

* 

— 

MH 

•a- 

^-^ 

uu 

■?t 

p3 

'^U 

* 


* 


C5 


M 


WW 


-*        — 


in 

cs 

w 

H 

w 

E 

J 

<c 

ttj 

ffi 

21 

^_^ 

H 

• 

_,_ 

% 

■n 

— 

H 

H 

, . 

• 

QC 

, — , 

z 

«» 

CK 

(J 

«■ 

IH 

_. 

• 

oj 

H 

♦ 

O 

V 

in 

CJ 

a 

3> 

D. 

t 

CC 

El 

S3 

f.' 

10 

w 

Q 

W 

k: 

03 

H 

^j 

t* 

* 

££ 

K| 

uq 

W 

*c 

,~. 

Q 

M 

T" 

:=> 

3: 

t_i 

U4 

cc 

< 

T3 

cn 

Ti 

25 

^ 

w 

15 

^; 

H 

u 

CD 

«s; 

3 

ti-i 

■< 

«* 

i£ 

H 

-3 

•_-q 

Uj 

25 

H 

H 

iH 

03 

■*-* 

33 

Pj 

33 

re 

-t-i 

iH 

CM 

* 

cn 

CJ 

rij 

CJ 

:< 

-^ 

&P 

ia 

a 

,' 

P 

1 — ' 

Cu 

'^ 

w 

fcj 

C 

<! 

r,* 

■Q 

ps3 

> 

as 

n 

v; 

*  j 

M 

r^J 

i: 

-j 

— 

^.  rr  -q  ^  ^~v»—  cj  — i  tn  C2 


x: 


3'T      ~?  * .  «-jJ  O  <I  W  *J  L"J  I"1  t-* 


<■         D-i     •        ,^i< 


f-l 


13  W 

MU      a           w           -s-cdo^      •  S           t-3  K3  «  05  tJ 

HiU        1             ►-!             *  "-3-wJ        X<C             CQ  «  &-'  :'J  » 

._,  -a      _:          o          jk'-h      -8H          «4  H  E-1  H  W 


s^1 


->       ax      U          ^          *  u    »ar-     .    •  'Q  *«r-#         •«-*•         -«—  *         *X     ■■<■  "*    -X>         «--■"■  — • 

---      6-<      c-  *M>—     <c\-r<-  £•—•  <noO-'  *0^*>w  *«vOw       »      o— '  •o-o^-'  * 

«.     as         as         **5         #  •->  Ty^N  ca  — ' r-"-^ v-1"-> H'Tiuw'-i^<'-h     uo  11  *— E-nnca— E-"t.n  )i 

3cthJ          11  H  w  tJ«=s^    fe2<*-    o:^:—     c-i^     —    &«:*-    w^c-' 

tuo-Q— 1«<  m  HEQIIBSQiiesQHHE      irHrniiHrD/: 

«;?3i:t'W'/i  3;  Mm  <s      mcc«*      hk<      h:s       -'jm^.^      hi«««: 

-h  *-0  ^3  «s  M  eu  eu o  c-j m  x,  o  ^  ^  ^ C  -^  v.  (-  D-J^H  --.  oyooos  •:r- 

P  T3  O  OcS  Q  O!  F*3  W  3  tu  03  t>j  3  Cu  re  -<J   e  ;i.  :^  «r  "s  U-,  -   m  <S  is  ti-  03  t.v^ch 


U4 

■K 

tn 

•fr 

31 

# 

.». 

f-" 

* 

H 

■^ 

^f 

* 

* 

nr, 


rj'J'JU'JJUU'JU'J  uoo*-rM  --*  <o  nn.  -~  t- 

93 


oooooooooooooooooooooooooooooooooooooooooooooooo 
QOuoooooooououaouQOooooaaouaooocjuooouoaooooouooo 

O0O000O000OUOO00O0O0O0aO0O00000UO000O0000O30Q0'Ja 

h  m     \ 

35  * 

JJ     t  WUJ\ 

rJ  O  H  O    » 

Z2S  WZh 

-EM  Si<    • 

<S  25-  r» 

WH  M     *tu 

33i-l  >!     » 

t-t«s  wo- 

fcfc-"  2     * 

XZ  «C\.. 

inw  as  «»(/} 

nce  Boa 

-rOj  r:—  x> 

<\i  O  <z    »tn 

r-t-l  >H- 

M  sc     x. 

«.!  -         O 

CN  <  \..fc2  •    — ^  fc-ifcH 

— .  X  :r,  -j 

T>                                                                                 iC-e»tJCO                                          H                           — «  C  K  < 

pu         cr>                                                        •.         ,.ujs>[;tJ                               ••ci<                      k  1—ltju* 

H  ««M- 

N.-5-.  X 

#       -        O 

O  M     * 

E3  X  W      «■  U)  H03  •        •«       \ 

r\j  w  w  % 
• —  Lir^r- 
H      <.rz.    • 

q  •»»     «<c*jt-cj  z  i  „^  Ek         *t:o 

csutncK<~ 
"■)•=£  z      in 
'uC"    s 
■k-     *H  S3  - 

O  <C  — »        »' — 33QCJ    •  fDH'-^  C3M53 

O       XP*- CJ  W  33C0  W  'N  Z       5T  O  C 1 U  "* 

a  >—         — .  «     <   «hh-  Mt-sc        .-m         m     aayjtij         x       »   m^ix  •• 

«D                       «J!            35                                                   — »      T3  53  — ^eC  O     »    %«C  i— <—  <jj       _3;l/}!33  eJJXCNX  MieC  10 

n                      33       .— o~J                                                X  ^»X  '"J  M    »fe]  X-T  «"■  \      W  M  O  C  «S  W«S  W  S3  03 

to      x  <c                                      <vw  :in    •uifJO1'  o  W     r>  M  J".  »"3 S3  \S3 !/! -  & •' 

•  NTJ'-C-a;  ^*.«aJE3t—       Q  HO  •— '  *«  '■£       H  C5USU3         *" — ' 

il       SC, — ,                              r\i       — (;r;£3  X&4    «C0    *      H  H  tiQSlH  *        O    »ajxw 

O  X  &-       "^C1  H      -3-  ■»■        t-i  —'-J       E  X  !M  l*  i     *•*!  W  '-0       O  O       *  S3  W       r "  33       *  H  23  T~ 

Sj""       M«— <<"\J\N  I   +  -♦■      p^<c:-i[i.,      i_c^i    %3  rsi  T3  or  S3      ^s,C5  <ern5-«Z  Q  ,— .     ~:  <<    *z 

OCa3X<«:XXXXsS:««S»-JOtH  j^^4nj-  X2W^>     O  >-•         •— .-  r^Uipr,       +     •O^-h'*      »> 

►J i-i  "~*< ^n  <c  <:  •■< «--c  y:  sc uu  u_i  z  ^.  ^_  %iijs:jj«— ^^  •    •      ,n^    *?-•      cj         ^-   ,,d    *rMe-< 

i^HEHSESSHH      m—*  naxcrisx    *(jJCJ;\)t—  o*iy  r- ■><      :q^»     o  I  <— «~  <    «^ 

!l  m—    — —  -   s.       f't^z        II      •r-fr-t'5*        &  ~-*  |      i»t— ow 

HUH       II  i|   I!        II    ||  o^-o^-'      <:r:    *~-'  t    (r-      O" — K=H    »c:  -— o — *—  Z2 

II         II    II    II    II  X  — " M— •*-*       ■Ji0^v--''-ri"i       <S"-*Hr'4      iTflll    II        w iH-^.rT-l 

S5  3C  II        ^  rNJ^OrtXT)  t5  «c  Eu  l«c  . .      »-'<-7;-3CD^<crc:-'  ilU|-£    *Q-| 

^,_i      xxxvx'xx'^r'ix  :— i ?r h t: r^T &^      cr<4H3ir's:fr)'^u  n  v;z      r- i~-'j 

<f-^(N<5:4«(;«i!«5;rt!<<iH.!t;«i:  -tsMtea;EO««c>rfsrf     shluu-h^     «SH'JHK     ^ 

Ptj&jp.i5E:s:E3s:s:s3s;s:H,75E  EQaoaHQMOfe*0<l5'0'Jr5B  d«  ^r  "--:<:  ^  a     m 

i—  r^i  >~^  »—  CN  r—  (N 


B^Bki    * 

SOX 

IT) 

22U     % 

HO\ 

H    » 

33<!\ 

HO    » 

X 

Q4-  (N 

4 

M    •>  • 

SC 

QXT3 

z 

O* 

% 

Br-    » 

X 

'O    *" 

< 

CBN 

zr. 

a  * 

s 

c^J  •* 

k 

'-T   »;.t 

X 

»   CO  >— • 

< 

*JM 

•r; 

X    *H— . 

H 

C-  cq- 

» 

*"'       v3  ^« 

X 

%       MO 

«< 

\..fc-s: 

S3 

»cr,=  \ 

ic 

.  e.tjco 

h 

t  •  U?  S>  CxJ 

X 

WH<>< 

<c 

03  W  SB  *— ' 

*: 

*Z7~. 

"3 

M^ 

« 

u:  z  n=  :/i 

CO 

|5Ht"W 

X 

UJ       -   "3 

rf! 

H=      >»21 

s: , . 

OJMX< 

n«-» 

S!CbOS 

«.^3- 

«C  C*J  T-  O 

XM 

.^.o   » 

<c    » 

<            \>H 

s:x 

CLi  03     «Z 

H(N 

>u") «: 

•  •Cli 

in* 

MfN 

— ■» 

W  V 

03  < 

3JM 

HCQ 

"<C 

M 

2!    1    .— . 

M       - 

Z     t 

K3*Ct-< 

Hrtz 

f3H'J4 

'N 

z      si 

.'M 

rik 

Wtocq 

t--  r— 

■<c 

M'")i- 

r- 

V 

WMO 

o 

W 

E»M^ 

M  12 

M 

<<x     •*- 

—1 

CQ^^J 

c 

CO       -3UJ 

oo 

# 

aw     r.s 

^— *^ 

<X^2 

Z-^ 

o  m  i.-i  :o  «• 

O  >H 

• 

^^-    rD  03  03 

.    •     • 

CN  zf     »r-       CJ 

u«y 

r-X       ^!4  — 

^JZ 

II 

w-Hffl* 

94 


0000000010000000000000000000000Q0000000000000030 

r-  co  <t>  o  <—  fN  en  ^T  «n  ^o  r»  en  en  o  t—  r^i  <-n  ^r  'n\or»  co  cno*— <*sro  ?r  m  .or^co  cries'—  r\i--ru,'_'-i.sr-'"0'7^'3«—  cnph  a- 

^^^OOOOOOOOOOrrrf-i-r-rrri <4f\J  'NJCNi-^CN'N'Mr\|~\|,-"nPn^O-T"n  m  ■TTTn  ^  -r  ^r  -r  -r 

OUO'-'-'-f-'-'-r-'-'-'-'-'-'-r-r-r't-T-r'T-r-r'T-f-T-r-r-T'T-t-r-i-r-r-T-r-r-f-f-r-^T-rT- 

OOOOOOOOOOOOOOOOO^OOCJOOOOOOOOOOOOOOOOOOOOOOOOOO'OO 

co  10  co  to  co  co  en  en  co  en  co  en  to  en  en  co  -n  <n  co co  co  co  co  en  co  co  co  co  co  co  en  ct  co  co  to  co  co  co  co  co  co  co  co  en  co  en  co  co 

*  * 

H  *       * 

Z  *        * 

«*  *        * 

3  *        * 

*  ♦ 

o  *      * 

X  *     * 

■*       # 

o                    *     *  — .                                      uo 

^                     m                     *     *  o 

^                                 rj                                 #        *  tj                                                                 'O'O 

<_)                                                                  *       #  <                                                             03  CS 

25                                    Z                                   *        *  t*n 

\                                  Q                                   •*■»<•  #  * 

to                              H                             *       *  3 

CJ                               £-<                              *       *  O                                                            — -» 

><                           'j                          *-      >:•  ci          -^                         <r           >irs) 

—                              liJ                              *■       *  35           ^-, 

_^                        -?-  a#  h         x 

to                              63                             ♦  W#  SC 

sj                          cc;                         *  1—  *•  »         n 

2:                      uj                      *     #  o        \                     *m.       tct< 

<;                                CJ                               •*  uj  *  —            cq                               U           ^J  «* 

X                                    -2                                   *  K.*  »            M                                   Z             --"— ' 

O                                    En                                   *  3  *  -               Oj 

cc                      *  rn  ■*  53        *                       <J        o  H                             *      <:  t- 

X                                 -3                                 *  CO  •«•  H            -~. 

7;                                ',0                               *■  tt)*  '.3           O 

■c-                                                                      #  05  #  -                 • 

<g                                                   #  r^:-*  «-         kJ 

*        r-                             2j               rsjr-               *  CU->  -                 — '                    MNLmJ                 I      I    KUWSSJTO 

-v        (M-J~>                                       T—              *  ST*  W              — '                     J    +      »-H                          P3   Z.hH—'H'- 


CJ 


* 

rz        » 

* 

CJ        VIZ 

# 

.a     23  0 

* 

Z        Oh-I 

* 

««      H5-< 

* 

CSWCJE3 

«• 

^:^m 

* 

UHO.H 

♦ 

rjJb-<       Od 

* 

L-tZ3*^lr-l 

■»<• 

noo  CO 

* 

aean 

* 

t-l       ZQ 

Sc 

-M< 

* 

r"/)fiZ 

* 

rOK      -x 

Sf 

1— ;H  -J1—1 

IT 

Q        C'J  O 

j; 

1      u^i    -i  r— 

<r 

MCN 

O 

CCC3 

« 

NX 

S 

^-»— * 

«c 

CN^ 

±i 

CI  -X 

\ 

■*  * 

* 

JC!  O  >3  £-h 

* 

2SCLi«J! 

■Jf 

q  r^      cc 

-H" 

"5      j^- < 

■;«• 

/1Q< 

* 

<-►_?■=!  U 

« 

k-4HM 

•ff- 

•0   tf-luJ 

-*t 

Q  -J  3  Oj 

M  ■«■  'O-*  33  CO  cr,  "r:  ^-.f-t:  t-t—  '.TO  '3  rJ5  "5  m 

O  *  3*  O  O  "vJiS"?  Oil 


Q 

3 

v: 

~£. 

CO 

"-3  K 

l-l 

•  "1 

i— < 

[ii 

-T 

.** 

" 

u: 

•  r. 

IX. 

— 

-'-t 

~-i 

U-l 

H 

- 

~T 

'-. 

'-J 

t-^ 

'" 4 

.— : 

O 

•   < 

c 

e  1 

•  n 

Eti      MO                H— .     HQ  *       *  -             U  "*- — ^J*-»     \\H    II    i»    II  WX  -> 

J^       rj>                           ^      O  -Jf-OJ-K-  >:x       *  n       i  +  ^w^^ri-^-^^i')"  -> 

'icnnn              tlOWcJCJ  *m^  ^o«a:  fjHtt^parcHMHH    «m  # 

■.,7    '  -"^                   H3Z— M  J*         Ir  »r:^^0  •«■        'N^l*-^:.  >»•*■«■  *  *  *  *  ■*  -H     *  *         r^T-'1 

"ci^:^^                 XV<a*-.  *^*  -  V!tH     •  ^»**~'      «BW«t*3^J^!rMCN^jn  *         ^  r- 

O         ,    ,           -sj-   u-l^.  t    .  -X-  <*  =t»  *~H—-  !-»*-" 03MZ      coco — "*+   I    +    I   -:1    *  -k       04i.:;cj»-< 

^^CT/CJ            r-     »>4r-o«-.j  rrSi-if  IT?     *      --C            ^r-1- ««aO" — — TOZ                       <~  ^  ir             CHE 

^-NIX;^             i  -4  >^  —*>J  r-J  -Z.  r-  -fr  Uj-)r  n«|IO*  (EtHHH     .  t   ^UHXy^X     w"vj  •)(         £- 1""  3  SH 

_   .    ,            ••-     r-   •   »n  #  z*  »=>■     »-»     o +  cv»fica«rrj      xsuc/i-**r*«"SvC — L"  «       -■J--1 

o^-t^-    vnnj-  *^!-,/-  ^o— *- hlii-T  «     tnaio         li  w "crry— -i^  -K        ?<: 

wfjHinzz  -k  '""*  — *-<           t  — o     coco  |l  ii  hJKHZ'i!'*^  -:'r      —  :«-=  tr 

rtj ^c n ^-< «s o  *      *  w«<r-  ii  (->  m  M                 xii  ii  i»          ^ — '     ^ —  r": *  *  *      :'">     ~,^ 

H03O<"— -  *3#  Hos     x  ii  no       g<:^DWt!eit^HHa:os  *     -on-^z 

^a.O^WH'i  ->r<r-  3fe,ott43  :r,i;c«<,,"'oy'V"rja2C          -j 


r-  ■*  O  * 


-s-      e_zs   a 


<-r- 


J'j'jnjn*  U  -.;•  J  —  'J- j'J' r.^„ -J 


95 


oooooooooooooooooooooooooooooooooooooooooooooooo 
j")^or-»cocriOr-cNm-3-'j~>  or**cocr>0»"CNf*l^ir)  x>r"*aocr*0^"tNf*)  :j".n^or^oo<TiOi— (Nm-*'-n^or-:oc7^or",'^i 
cr^=r.tr^ir)LOaT-nun  jiin  nir  o>oo-flXio  o  o  .ao^r^'^r^r^r^f^r^f^r^(^r3:o:oco-ocroa3-OTonoov:7>cr 

OOOOOOOOOOOOOOOOOOQOOOOOOOOOUOOOOOOOOOOOOOOOOOOO 

cocococococoio<ococou3cocoin:o<oco(ocoiocoroc/3cocococnco 

uJWUJWi^aJtjJWWWWiJWWujWWW^UJ'jgiiJWa^UajaJjJUUIJJUiWwyujujwyw 
MMMfc-'MMMlrHMMMMMMMMMMMMMMt-'MMMMMMMMMMfc-tMMMMMHMMe-tfc-'MMMM 

»  II 

*  V 
* 

•  *  C3  ,-. 
C3  *  &3  »-« 
W      *  33                                                                         CO 

*  S3  t 
O       *  =3                                                                            O 

as     *  =e  «- 

m     *  m 

«  m  * 

%    *  <:  x 

=        *  Pd  -N 

•  *  -^  rsi 

•  *  ro  n 

*  >-.  > 

to     #  o  m 

i-4      *  N,  H  P3 

Dj        k-  73  '/I  «C 

h    #        ta  o 

M       •»■  * 

G.       *-  LW  z 

s      #         en  (*•  <: 

-KM  33 

en    ■*        o  c  h 

M        -ft-  25  H 

3      *  CJ  « 

■h'  Q  <C  VI 

Lfc|      *  CJ  &u  BS 

O      *  «a5  -^3 

•*  CO  ^  — .                             PQ 

CT»     *  Q  CO  »  53 

ro      «•  H  M  (*■  >•  ^-JD 

«-     ♦  O  r-  fN  xz 

-H-  c*3  z  Q  Q  «; 

13      #  H  to  cq  H  HOMO 

<      #  CO  O  3  CO  CO  *   » — Q 

tii     *  cj     f^^i  ph  a  a         xxoz 

35       *  •—  CO  CO  0-1  aSC-425 

O     ■*  o      c  >h  m  h         hmx 

*  O      bC3  "»    '♦■^CM 
US       *             >4            f-i                 fc-<                       H                  M            TMJC"< 

'_>*  o  <c  -^  *»:         a  «  m  z 

M      -K-  OCOCJC  S  S3*-«—      33CN<NMW-">H 

— »■»  ~-»»  li-1  ti-"  .— .~  WW!/;  to „_*•• 

*  *-X_.    •     .  t— X        Z       r-x^i/lr-^MCT-^^-X 

»>v»*  *3    «.\-*  n     »\*-  ii  za    «»\ 

-C  ■ — -       sX  £  ' —   »       C  ""■"    »      UCDvO  — 

— ^— •  -^*.r>     — 't-"ri« "E-tiOfNrj  U>"*"t-i 

W<;^-«-'ii  w«c'~-ocij«c,-^Cj  nq< 

'J       •»■  M  ^n  «a1  — —»  M  03    i«OHK4WHCt-«a:yj».5HC: 

'0      *  SOW^tnO       KQO*l5E«OW{/iffiCWC0*e«SiG5O 

to      #  r-cCinfcM— «'J3      l-soh      ffiX3Wt:r*jswQ:QU'JJ:W 
n     #  — 

* 

*  Or-  'Nt-  r-  r-  r- 


* 

* 

* 

* 

* 

# 

# 

* 

*  OH 

cc 

* 

*  >CJ 

* 

* 

.T3Z 

w 

* 

*0!H 

> 

♦ 

* 

^J?» 

* 

* 

o 

— 

* 

* 

. — S3 

^_ 

* 

* 

SC| 

-a 

«. 

* 

"-Q 

w- 

* 

* 

cua 

fti 

X 

# 

<i! 

— 

* 

* 

fc3 

tt 

# 

33fr3 

cu 

-s- 

j«- 

HU 

23 

# 

* 

ua 

M 

* 

* 

in  ^3 

# 

*■ 

QO 

Um 

* 

# 

:n 

M 

* 

* 

c* 

< 

* 

# 

nsM 

53 

-> 

* 

«<;3h 

1 

# 

* 

C2j  H 

W 

>*_ 

* 

2 

* 

a. 

MM 

o 

•W- 

•>r 

«a«s: 

■)T 

^^ 

# 

33 

X 

-!i 

>— i 

# 

MO 

M 

7T 

•—• » 

* 

•z. 

Z 

* 

^ ^ 

Cn;>^ 

* 

OTM 

o 

»* 

•at 

H*-! 

# 

WbH 

>-»• 

— 

G  — 

# 

MCS 

— < 

M* 

1 

ZCN! 

* 

<c  <r 

OM* 

— 1 

KM 

-* 

MM 

M  «*•,(■ 

•S 

C 

■«' 

OM 

Oj 

55* 

*M 

■r-  3 

* 

•_T 

rj-K 

~-* 

M 

# 

MM 

C 

H* 

w«S 

•* 

T 

i — » 

H# 

-k. 

T— 

■i* 

'SZTZ.     ' 

z* 

1      + 

■JT 

<n^7^, 

MUJ-ir 

X 

ro 

H 

# 

en  n  cj 

Z 

>■«■ 

<« 

r=  ^ 

•it-  — 

* 

C3     mo  z* 

r-: 

2T  •< 

!NH 

-ir 

'-JMM 

O* 

>-» 

X 

^-••»- 

# 

cs  re  CJ 

CO 

u* 

■*-* 

-><■ 

<:cn 

•«■  CjHW  UJ 

* 

--: 

♦ 

--i  —^ 

■J. 

P5 

..J  ^J  * 

— < 

X       ^-. 

X  <c  *c 

■K 

63  Q  M  U-) 

Zir 

>; 

< 

<:— jh 

<OH 

* 

z:mo«^: 

o* 

4Q 

EHW 

^r:       c 

* 

£-1 

z 

-a-x- 

5J 

i — i  ■ — rr? 

H  11  Q 

# 

U  S3 

Ut 

•>r 

"-; 

II 

w— * 

^ 

# 

Ci_ZS> 

0";* 

^ 

<—       II 

*"■— »il 

* 

QHHO 

r-1-M- 

»— 

^> 

II 

*— 

■K- 

UfcH 

o 

••' 

r- 

II      —. 

ii    l  — 

* 

=h  a  h  33 

:i# 

1! 

| 

««j-i  i-1-1 

i-Hf-llsJ 

# 

cjoco 

"— < 

«:* 

t-1 

HM   — "Jj 

M*  ii-  a 

# 

<0i0 

CiJ 

•y- 

►H 

-> 

— f>;2 

~M^J^ 

TP 

cx^rus- 

»* 

->l 

33NHH 

C^^-^~T— 1 

* 

w 

Ii3# 

f* 

— ' 

'NMO^ 

'N««*CI-t 

# 

to  ^c  ■< 

73 

>■*  rn<e 

O^z 

HH2 

* 

Mft< 

M 

i  3->r 

C 

OBSHC 

o«^<c 

> 

230*3 

S3 

LO* 

.J 

<f. 

rii<<'j 

aaau 

* 

t-  ' j  — (  h  rj  -t- 

r^r- 

rr 

■?? 

* 

->r 

# 

4f 

# 

* 

00 

o 

1 

r* 

cn:j 

l                fN' 

JUO'J'..' 

'J 

'J  'J  -N 

q^ 


ooooooooooooooooooooooooocooonoooooooooooooooooo 

(TVO\(^Cr>7v^^OOOOOOOOOO'-'"'"  T~«"~  ^"«—  t—  »—  r- rvj CN fsl CN CN CN <~M fM  ~S  ^ N T*n l_n rn r^ "O  TTT"0  T 
r-i—  »— *— i—  t— t— rNiNCN'N^  ^<N<N<>JCN(N<NvNCNrNt>« IN'  ^04iNlNCS4(N<N<N<NCNeN(NrN».>*rN<>»'Cv4<;>«H>«'CNtNO»H  SCNCN 

oooooooooooooooooooquooooooooooooooonooooooooooo 
en  en  en  m  en  en  en  en  en  en  en  m  en  en  en  m  en  :n  in  en  en  en  < n  en  in  ;n  co  en  en  to  inin  in<nin>s)  <n  in'Siin  inin<-n'S)in  in  inm 

^ujwujtyixj^Ljjujujuji^wUUJCUujujfcqiJdLjjiijizjua^ 
HMHHHHHHtr'MMHHHHt*HMHMIr«MHtr«HHHe*HHHHHMMIr*HbHMHMHHHHtH>--tH 

*  •  * 

*  ,-.* 

*  WI* 

*  :z:z* 

*  HW* 

*  en* 

*  o— '* 

*  z     * 

*  tz* 

*  HH* 

*  »en* 

*  r~3      * 

*  U-iCJ* 

*  cat-t* 

*  ST--J* 

*  SO* 

*  ssca* 

*  33  * 

*  -H-"-k 

*  —  rr  * 

*  «s     * 

*  T  •---*• 

*  U-:  3  * 
•R  ^  * — '  * 
J*.  i^ 


*  o*n* 

*  u->-"'- 

*  H  ej  •>' 

*  CCT^-.r 

*  JH-K 


O 

CS 

_^ 

X 

<-» 

<c 

^ 

gg 

* 

n 

-N 

% 

•x 

% 

«z 

S3 

k: 

a 

h 

% 

»-» 

•=c 

<=s 

o 

EH 

<= 

< 

Q 

Q 

*-" 

Eh 

II 

c 

-j 

^^ 

Cu 

(-i  w 

06 

*  o 

Cu 

ENZ 

■~-*v-i 

-J 

~  h 

t-1 

QZ 

«* 

<e  j) 

u 

QU 

7" 
m  U  CJ  '_> U f  J 


* 

•  * 

* 

3i* 

* 

o* 

* 

■J* 

*  Cv.tM* 

*  oca* 

,-s. 

* 

* 

\ 

*  5CZ* 

•t 

*  1 

XW* 

• 

*  os** 

r  m 

*  i 

iiH# 

<t 

* 

O* 

23 

* 

<s      * 

i— I 

* 

* 

en* 

CM-* 

m5 

*  H      * 

EH 

* 

7"^- 

«-; 

* 

••TX* 

Q 

* 

* 

UJC_>* 

'wl'-1-'* 

U 

* 

=5        * 

w 

-^*H 

* 

^_1* 

a, 

X 

*  ro<* 

*-. 

en 

% 

•K 

»X  ^3  * 

^~. 

m 

w 

* 

!H* 

»H 

% 

-s] 

* 

«u* 

*"' 

X 

u. 

* 

ir* 

'zZ 

rn 

^», 

m 

* 

O      ^J 

T1 

«. 

>h 

•I 

■M. 

3     •* 

\ 

. 

* 

>' 

* 

<=">^* 

m »— . 

h 

<N 

o 

-*c 

J* 

P-  ^-« 

•* 

>— » 

T~ 

* 

fctM* 

HH 

w 

•X 

% 

*(JH* 

*-* 

PS 

< 

Ol 

* 
* 

•*  553 
'D 

< 

Q 

v 

-H- 

J^M* 

, .' — ' 

CH 

N 

^» 

•» 

* 

:-J* 

fNH 

<s 

,_^ 

^^^ 

N 

^<; 

* 

en  O  * 

*  K 

CJ 

r" 

r. 

% 

O 

*  ncr# 

*  <~y 

(#_N 

^_ 

Q 

CO 

t— 

jj. 

a* 

•  r\ 

r- 

u 

1 

_1u 

• 

•> 

* 

^-^cu* 

i—l* 

% 

-,1 

r* 

* 

^J 

• 

— > 

*«. 

H  •*  -i1 

%-*^^ 

r— 

Cj 

H 

t 

T— 

■r 

o 

^«. 

*"*      * 

fr;  ><; 

1 

en 

•K* 

o 

X 

Pu 

« 

^> 

-* 

uj    m:- 

e^cc 

% 

•• 

rvj 

r- 

<C 

« 

U 

* 

DQZ* 

•R- 

X 

Ik 

— » 

U-> 

■5"1 

_ 

• 

.j 

* 

O* 

1    «—. 

<: 

X 

,^; 

% 

H 

H 

H 

* 

35  M* 

t— < 

JET 

=r 

H 

X 

-J 

X 

* 

WH* 

rsi-— 

:-- * 

><:<£ 

t 

u% 

II 

*vC 

o 

* 

CCCJ* 

*  :"J 

h 

« 

<r.C\ 

*-" 

— 

■l 

C5U 

:< 

'— <  ?!■»*• 

■K-   XI 

kj: 

H 

3-2     » 

'•vl 

\ 

o 

v 

rf 

Q^. 

it 

"^•»e 

^  -* 

i— i 

_ 

hlH 

It 

W 

'1Q 

r-i 

^ 

.<: 

* 

■.fci-H 

<  Z 

% 

%^^^ 

— ■ 

i-j 

Q- 

• 

c* 

>~l*  «l! 

* 

Si       * 

— '—* 

Q 

-NX 

«—  "*> 

►— 1 

Qj 

^^      ^ 

«-^    *• 

"£, 

■ 

* 

<x* 

H'O 

— ' 

toin 

in 

It 

OX: 

r->q 

HHWW 

* 

X* 

Ci  "— * 

rN 

~n  » 

n  -n 

•X! 

•K 

Oi^J 

O  -O 

■><i~irj 

J.r 

V    ^s* 

OT 

A 

»\ 

v 

H(N 

m   * 

■N     * 

T— 

- 

r»-l       «0 

* 

.<* 

'.TCC 

o— ' 

*— tvtiH)  ^-* 

r~^ 

-V 

»\ 

II 

u_i 

— ^"^J 

U-' 

-> 

— *"w'* 

•eCiC 

o 

*-*JU| 

7^  c-> 

• 

O  "~- 

■D — ' 

MU-i  II    ~<rt 

3 

* 

HZ* 

II       cr 

!^ 

cz:«a: 

nan< 

"M 

"~*H 

~~~"r* 

*^ 

z 

* 

-^M* 

II 

HE 

«-£-" 

H  V 

;^«^ 

Lt.;  <r 

o 

II 

— »E  Q 

1— I 

* 

srto* 

. — .    o 

.—1 

MJS 

M 

Z  jd 

II 

H^ 

C-i  5" 

LTI 

M'SH 

H 

* 

'j     * 

i-H  .— Jr-< 

_] 

rr.  3 

o  r^ 

DC 

H£t 

MCS 

>( 

■ • 

ry 

XL 

'J* 

*-*)-  1 

*£ 

ESCu 

o^= 

rjfc, 

O  cs  o 

cr;Q 

C 

l-J 

^PuC 

c 

-"• 

Cm  3* 

•J  — o 

U 

rg 

-1 

j^ 

C«fH 

•<Ci_ 

O 

a^ 

CJ3HO 

CJ 

* 
* 

MH* 

■If 
* 

-5f 

in   >o 

in 

X)LO 

o 

•~ 

"J> 

* 

* 

*n 

T-m 

o 

o 

Nl 

i      i 

i-»uu< 

J  U  '-J 

rj  'J  ' 

J 

/V-N   ' 

J       -N'J 

Dcf ' 

:jOtjtj'J 

'j 

II 


* 

»  *>,—«j» 

* 

m  z.  --- 

*■ 

.-a       Sr 

* 

0* 

Ji- 

Z  Z  *5r 

T» 

nso* 

* 

33H-I* 

:'- 

h  >: '  ■y 

-ir 

u* 

4t 

»-?.  -, 

•;;- 

^rs* 

j<. 

rt"  -"--' 

* 

■si- 

•Jr 

ll  H* 

* 

A  <  * 

•K* 

U* 

* 

—.--4  * 

* 

•  H  r  i  * 

*- 

■— <r;-i- 

* 

s  •;    * 

■e- 

t^O* 

* 

r-3* 

U      *  H^* 


•-j(  wuu ■;■-/  j 


97 


ooooo 
r-  rsima-u") 

<.NfN04<NCN 

ooooo 
coco  coco  to 

wwwww 
HHHHH 


OOOO 
OOOO 

toco  coco 

WWWW 

WHtHH 


OOOOO 

o«—  c^j^cr 

mm  in  mm 

OOOOO 

co  coco  coco 
wwwww 
H  H  t-«  fen  H 


OOOO 

mvor-co 
mmmn 

rN<N(NCN 

oooo 
cocoooco 

wwww 

fcHt-tffc-t 


ooo 

OOt— 
(NCNlN 

ooo 

00  CO  CO 

www 


OOOO 
CN'NININ 

oooo 

COSTCO  CO 

wwww 

fc-tHHte-l 


OOO 

-OOO 
OOO 

wj  to  en 

www 


oooooo 

cnO'—  rsir-13" 

OOOOOO 
CO  CO  CO  CO  CO  to 

w  w  w  w  w  w 
h  t-t  e-t  H  tr"  fc-t 


OOO 

m  or* 

OOO 
CO  CO  CO 

www 

triftr-t 


OOOO 

co-^o«- 
r-i — oo 

OOOO 
CO  CO  CO  00 
Hj  WWW 


ooo 

co.-oao 
ooo 

CO  CO  CO 

www 


oooo 
m  or»oo 

co  "ocoo 

(MINING 
OOOO 
CO  '-O  CO  CO 
WW  WW 
t-i  t-i  H  h 


I 


CO 


OS 


w 


'J 


^_ 

W 

-J 

w 

* 

» 

*~* 

* 

VI 

w 

je 

< 

a 

H 

ft 

ft 

« 

O! 

v: 

CJ 

% 

<* 

?c 

% 

+ 

iC 

o« 

CJ 

ft 

CN 

ft 

t: 

«-«       * 

E 

ic 

r-      * 

f.3 

CJ 

W 

ft 

% 

1        « 

r— 

m 

LO 

.— »^ 

T< 

'-< 

HH'J 

1 

< 

«fj 

#  *■  — • 

S3 

sc 

tNCNEH 

-1- 

H 

H 

— •~~'cr', 

>; 

•~* 

■— » 

£$  «C  C» 

"*i 

H 

HW 

HHC0 

S 

n 

HH 

«=< 

H 

Oi 

rucq 

WO  II    -J 

:r: 

=>23 

rr 

II 

j— I 

HO 

Bs 

-<a 

HH 

IT 

tUE^H 

X 

W 

HHCi 

cc  h^ss 

< 

W 

JhIOQ 

J*3  ^  '*3  Q 

<r; 

rfi 

Ka;<CfcH23 

cj cj  cj  u 

i— i 

cj 

U  U  oo  w 

od 

uw 
Ha 
coo 

CQ 

H 
C/J35 

<JO 

C0H 
oco 

:*5  W 

-^  M 
w:a 

oosc 

wwo 

HC0<« 
ftZS  w 
25  <! 
(JC     ft 

>H6-iac 
,0  ^ 
m  as  o 

ftWu-i 

ftW  2 
«J3  0«s«J 


N  I     I  • 

*-*  <ZX<" 

z;      h  owns* 

23  H  DSON 

05C3       X  OHW\ 

OO      WOH  ZQM-^     sr. 
W                   H<WO  *~     •<! 

cow     —.    as  xi  cj  >*  cj  *-^h  cn 

CO«CWO^ni4       iriXKH       as         i 

H       03       WH3iJ<HCfl:W3 

H      x      w  H  sq      SX'.l      H  H  H 

d>iw  i  oaa     o  U-  ^x— ^;:    -i 
cootmwt-z t-»     <;r^,     ho   «o     ^ro— sb     o 

H       --T-(  +  <OHi:?     fttOCJ     i££3>*S3       *-T-l     ftT2 

Oi  — ^     o  co  ih  2:      «t  u     w  ^s    •  nr     cj  w     k  i :— '  -O 

X^J&H  ft  IIS^CJ       'jw       ^wzr^M 

W  — ^-t  r-  trj  *—  X  W       H  2:  >•  O  W  !'•.  -0  O  (H  'r-t 

■»■      •       UZ   I    Z   I    WSSQ       W  O  3  W  M  C,       2!  ta 

— ,  »r--ao     i~;     w*cr_       •.     zh<i4HOwO 
.    t  Hoaa     o s-*^  — »w ^^1      ^ rsj c, 

•  ■♦■Etr-tCJ       t-tOi>"'HO<;M       H       S«lfs3       rja3 

.  — >o  co  h  •»?.  cj     q  ty  h     *  ^-'o  p:  «afi  O  33  Q  O  ta 
»TM(xcr     tapaoutc     H  bzzo     •_)'--,t-'i~. 
rN'— 'jjr      K  Ht-0      <3      <2      w  _;      z:#  co 

""3  3E  •  M  -^    ft<<       <  a       >-       W  D  <  W  ty  '-1  CO 

ft\rM3ntj     ^••^  ww  n   ftC         wrr'_;w 

*- »-»5C  H  -Z        CO        W    •     ftO  SC        ^5  V.0        HBH 

»-;r-       Qr-t     •»£  II  O'SIX  W<J'—  WX^1- it— tC-Ji5 

■—*  1  a :2      ^ «w         c-t <: h co  *  =><=  cj      fO os        > 

~Cr\l2;        H-r>5C^<2;- '      'NWTTM     ftC:        DM 

Hs«;**     oh     ww oca     w\        —  t   . >:w  -1  < 
o  w  o  «*     <><x  *-,w  '/)<;♦     ^     o 

'^^r:  fe-i  W  — ^H  H      ^xcr.      — »     r>a:      «—      <;ca 


q  *•  rsj  <r.  cr ' 


t"  «—     ru;iz>     EHGSwesjaasiHHOX  ""*•-*  —  w 
~:i     ftW  o  •*  in  r-  w  -t  h     co  «<  bLi  a  z  -4  o  ~ 

O*-"^         iC<H      swwi£:~      s:^^   fti-i  H  S3 
11  -**— 'tO<S    f — hwoo<w.,j      'S^r'-js-t      -;rr 

^  BS  fTJ       #        c3       ftJWZH  ^C3  Cq  *-*<:  Ct;  CJ  w 
1  Q  W  SJMv0*~MH2:a5iTJCj 


o  w. 


«:*hh    •»- o to fflCN z      ^a<t!      02:  —to 

a  <C     •  — ^H  '""'O H t-t w       <C -~ t W ZIOMMOIhW     • 

^Hja  .^;  ;ej!HJa  «*  ^w  us  mco.—  j'^i 
cmco<  »\rHcn#<-ZtHKO^CH  fts:  w  ^h  * 
a«SZHAJ«  QO«+HC3  O  Qr~  »i!'~  S'O* 
o  wo  ~u:t—  "c  ^:-:»—  'j  ww  w  1  w >  +  f-4  h;- 
O     mm    »  1  o         --'•t h ►  J w w*: w w     ~wrui:'1:      o 

W  >•  CO  W  »-  •—  cr  W  — ^Z       ca»<u.  ^flis       OirtC-\H^jJH 
W  <2      scx^H?;      :>^jw      ceo1--      O  --^     C^s: 

Wiawca—  ■— •     <h  H  aj      P3W      wwx  t-n-::i;,H 

Z3SOE*'"       C  W       C3 H  CO  H  WO     •  Jx3  ^^H  CO  tr-1  & ' 

HHH  (i^fiBiHHOS  ftRCt0  3i3EH  P£-<25  ^  >■ 
H  I    OVO'—       Q^'JWHX      CC.«a3       3j  II  W  «K2H 

^>t  I  Ulin  I  CiiZ^tS  !"tJ  f.T  J-(  (jc;  ,  £J  ^>  c:  •  i  ',  "3  < 
O&JhHi,')'-^  25  Q  CO  »-4  fr}fc»c-*     •  O  'C  >Xi     iCx^T- H  -<2! 

uQiJHDjZO<   >S      Hwnc  icjcr,^zz  I       23 

^O  OH  >""**-*     CJ'Jc-*^-l5:SHWW  C'OOC      wzw 

to O O O m3  "^i~  H  ^s  W  OHO<S3>*HfciaHHOS^2: 

CO  "J  s:  (J  H  •»•  *"1  W  W  W  W  H  CJ  >  H  H  W  W  H  m  I"-,  rj)  c_,  " 


'  W  H 


O 

en 

UstU 


O 


'J      o 


r  J  U       'JO  'J  J  CJ  CJ  CJ  CJ  (J  CJ  CJ  CJ  CJ  CJ  CJ  CJ  CJ  'J  CJ  CJ  CJ  'J  J  CJ  CJ 


98 


ooo 
-no'— 

OOO 

to  to  to 

t 
& 

U3  • 
3>e-t 
,-Cn 
m 
X 

«*o 

za 
ztn 

<3 

"3t0 

CO 

»M 

X 
C2  —J 

o< 

H— * 
sCU 

mto 


~iz 

o 

b-»n 

'  IT. 


Z03» 
fQ  C4 


ooo 

OOO 

to  to  to 

mcMW 


OOO 

Lnvor» 

INCNSN 
OOO 

to  to  to 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

co  cti  o »—  rN  n  3-  in  vo  r*  co  en  o  «—  fN  ro  =*  uo  \o  r>»  co  c*  o  i—  rsj  -o  ^  on  -o  r-<  x 

0>J'OOOOQOOOOO'-'-t-rT-i-r-rT-T-(N^ltNfNfN'NCN(N'vJ 

ooooooooooooooooooooooooooooooo 
to;otototototototototov}tTtQtoto^tototocototocototototototot^ 


ooooo 

f\j  T)  ~1  rH  r—i 
OOOOO 

to  to  v>  to  to 
in  in  co  in  w 

» 

»~cj   • 

ztu 
n<c 
a 
os  »  • 

tn^»— 
O  I 

«—  cbct 


OOO 

ooo 

to  V}  :-0 


iJOOO 

*  — 

O  ^  C/3  M 


I 


SB 

>^ 

CJJ 

s 

M 

C5 

cn 

O 

H 

Uj 

^   % 

H 

sac 

h 

-J  in 

Z 

esse 

'D 

"3    Z 

H 

%    * 

to 

XUi 

H 

"S  '*& 

». — . 

— . 

O 

000~<~ 

r— 

>^ 

rr 

CJCJ 

.co  + 

+■ 

5r; 

n 

zz 

%dc:-Nj 

CN 

in 

o 

%  »oz  x 

\ 

Li, 

Ti 

>  i»in    <»,-«» 

^-^ 

S3 

N 

ma 

^«««jr- 

T- 

-if- 

o 

cy  ur.  i 

3r *— * 

***' 

^, 

SZJ 

S3 

0 

2; 

H 

3 

to 

in 

H 

vH 

,-»   «. 

% 

53  S3 

:z 

wa 

f  5 

use* 

H 

Z  z 

to 

»  % 

—( 

Ui02 

» 

ur<M 

CjtHu")' — Z 

zss      z  — ' 
•»  »— »  »* 

k-i  <h  1—  e1 . — , 

«  O  ■«  »- 

CNCjcatno." — 

IIZ\H  +  -  +         \ 

(H H  53  C  "H    I    O  OS  _|    I    Oi  c 

u  —  m  r-1  — *s  .J  i-1 '_;  E  x  tH  'n 
^MffiZZHZHOHH 

O  l|  >-^HS-i  1— '        II  M Bi  II    II 

c  j  ?r  n  ix.  ■ — tc  1-3  >-i  "-'wJ  fc-t  6-*  o  H  s«3 

ZQazZHZU  : j  1  H  U  55  -^  ar.  z  z 


c-1 

O 


in     « 


H 

o?r 

ZH 
II     I 

1— t  + 

HH 

Q 

o:3 

O  II 

t— 1 
OS 


UJ  — ^-.CJ  'J 

ctn-JEzz; 

z:^-%n   »  » 

•.z&^»> 

^^,-k-  -^  m  [tj 

O       r-  -Of-  US  (33 

■>  z  +  szz 
o  ■.  m1— 1  »  » 
X)       <c  \a  «S!  -A 

^-ro  'N  a  *"*5a  a  cj 

E       \— 

v^ 

m  1  ocjtnoiMwj 

■— •g-:  ijxoh  "— •  -J 

ZHSHt-iZH  a 
11  a  n  puz  11  ecu 

uHix,         II   > 

Cd  —"02  U)  H  W 1-4  M 

3       C3  i-S  O  CG  ^  vq 

r.wzuzz'jJ 


s: 


*Q3 

;_2  ^1  b: 
z     z 


in  <s  m : 


»—  to        » 


P-tffi      O 

—         II 
LT1DE  t~* 

lH  —  I    »- 
-I         =*     I 

.•no 


(- 1  a    »     cd  S3  w:  z 

r-  U-i  5T.  c-1 


n; 


■  in 
><:z 


z 

./J  ^J 


asiH—     onn    t— • 
;-<;<!»       -—  r)< 

l.  .,  Q  H         «S|      I  r—  ~~  '—> 
Z~i       <Z  *£.  17-*  -  A  ^ 

a:3H't<;^    1  rj 
tn  cs     <  q 

Z  fc-*  Z  Q        v:;z;' 
n      _>      ui>i-       ■; 

3  ^  'O  W  ZCSiP  '0  "  'i 

Ott<z>-i«!ic.r:  ."^  ^  'N: 

ri3  U--  itJ  CI:':       1j  j^  II 

q  o  S3  KU     t-i ai  ra  r; 
■j't  to  Lr.  (jMf-K  '.-  R    * 


o     o 

T-  -N| 


o 
ld 


o 


O 


o 

CO 


o 

3"> 


o 


U'J 


j'jyuuu! ) 


99 


oooooooooooooooooooooooooooooooooooooooooooooooo 

30000000000000000000000000000000000000000000000Q 

coc/innnnc/Jc/ic/icnnc/vnc/K/Tncmoc/inc/incnc/jn 

■jJWUJUJWUu4WU4WWWW[iJWWWWLJ4WNUJww^^CUWiyUjixJUJU4wuJU^ 


I 

U5 

o 


a-  ug 

-s-  as 

a.     to  ^5 


03 

1.-1 

O 
X 

oa 
*     #     cs  es 

^»    . — ,    -t  -^        <s 

r-  «-      r-       r-j  r-  u      O 

,-»  ^5       »-t  ^TJ  —'Eli  >  ;£       |-t  *C       O  * 

<— T-*       P^)  fc-fr  Ob  •+■        i-H  uuLO       Cu3.  %  O 

t  an—    «.     v)OMOt#  asHiujaass     o  --r 

>HC1iOO'3:Cj     »C a  t— I  ^       , LT>  ~"Qj  UJ  JC         .O  % 

a; -3"*      »-*'—•»*-  n*-*  u~  i  ^+  — "hw  ii  a     -£j     jai 

:ti      •«-;     •— m«—>«—    w—    w-  +  -jhhc-iQIi  <-~     Cu  I       — »+ 

B.        05        ■+•  «"•  rJ  Pfl  W  >— <  r-  M  «—  SU  -+■  <C  «J  XJ  —*£>•  >  1— i         |    l~i       CU  W  &3*l     *      <  t  , ,      W^iiH        r33  -  -1  1-3  '.t :.i 

izssz:     <—  m  r>?  +■  ii  •"S  ii  tkt-hh  ii  r-ii]'jS(\>n:^HK  25     s s- o '<: ^-»t- k3     oi/izor;'-' 

* -»■  *■  rr  -^v-4^^- "— vn-— »=r      «.«:_+  agus      \uurr  \  i  rr  t-iuj^y        *z:       i  rrcj        » — n 

Ot-3t-|IH+    I    HH-t-H+HI|aQlTJlirLOK4,f<-HlNiNH  =Hfl^H««-\E  I       .'S^-IXr-J  J 

aiOjn.ii  r-.-r  ii      r—     t— n       H  ii  HHHH^fij^  ii  a !i  ii  z         5MHW&5^/^OCia6i     t/iw-3— »< 

MMM^^O       H-lt-iO       ->       >  =>  OS  Hi  — *■ — ■— ■ — QHH>HH>C5  QCaiZJ'^-^O       ;x>ZJv^*t 

M    ii    n  ujuj^d  n  ~-«*cm  ii  cn  HMujaiQ,<«.i!       n  — -ya  \\  •— ujc  u.yowtj.a;  |  fc,rn    *OcqW&<  I  H 

HHHHHCHMHDHDHHHHfnC3QO«<HHHHHHaK       '^rKCja  "•"NS  5;  "?;  <C -(  3  O  O  ~— *  - 

o  o     ooo         o 

'J      O  'J      'J      'J  'J  UU'JUUUrJUUUUUO'J'J'J 


I 

in 

CM 

T 

* 

>—■ • 

+ 

i— 

*•• 

1 

0* 

S» 

M 

i] 

cn 

C/J 

* 

fe-l 

•       M 

m^-s: 

tu. 

*a  » 

*      o 

>H 

>S'OZ 

M  II   C3 

wu 

6JH'-       (H 

Cm       bu 

icon 

»  ca     \os< 

■«•  -n 

D 

^jutt.zuJx: 

-Nni 

H"J 

r-  z  o      33  H 

«•         56 

I  </j 

1              *t-< 

za; 

>K 

ztocz   .wca 

OCiJ    * 

wx 

TH^    iBO 

M=>> 

JOi 

*^     :*    t  "x  H 

V5C  M 

o 

♦  •-P           'J 

M       W 

0>< 

H-t     Dj    *z:  <  i 

^QCU 

•jw 

*  S       00  o '-«-  1 

cvi  mm 

^ 

HQ'-S                  25 

xr 

M3 

Cjus     a'OH'i 

arc 

'OH 

-)«•  Su&^^d^-r: 

**  — ^ 

«C   I 

cn     m     ^  uj  t-1 

^-»co 

w-l^ 

*  i-        JJZ 

IT!       »- 

Oit_i 

3sr>fc-«     a. 

~5     * 

I  ?s 

C5     t,    »wai    t 

^-^J^ 

z<: 

MMS^yX  ^-w-» 

*T  --^CJ 

— J-H  'O 

»■/)  ^  r:         m  >  ~ 

~    j— u     ' 

2! 

r-t«£         35      »        CiJU-l 

*^-Ji. 

u       * 

^^     SB  O    •    ■*:-:  C3 

."".  > 

Hi    t>J- 

CM  (S           ^)  ^  CU  2 

T'-^: 

U1BSW 

XO      CN6^       H    » 

*^  ~ 

r-*     a 

uju^    •      m^-*  a: 

""J  ?A 

»-3  u; 

#       E    »      3H&! 

^  t-i     ^ 

SHU 

>-^^UJ'—     »       'J'~- 

*#  > 

i .  |  /^ 

in      .r;      -T<"<^:>-i 

p-£JW 

rs.AZ.i~i 

^o~c^          Ci,    % 

^  J^ 

-*z,u-<c 

^H      WW  iihh 

"~-'<i;  Xj 

»^E 

=r     o  =3  o     —"-> 

«-r"  pq  a; 

z:      cc 

-3  »~  t  -"  -3       (H  \«< 

p-i  —i 

»en  a 

»              WJZu, 

'■-.  -"-J) 

>o^-^ 

i-  II  »->       <C       ~H 

dx~ 

w        r: 

ra            as!*i  h    » 

SSUW 

*— SfTJtaWH      > 

?:--—«— 

Tj  Cii  H  03 

<*"30rnw     .t:  cl! 

-     1 

2;c      -z 

L  i       K  <H  ' «  t-J  Ed  ii. 

tyj  rN  an 

*  j-  u    » 

«=C  ^M  ^—        ^H  ^2    X  t** 

►-;  3 

«S!CnW2i 

QH-I         Ii.  .^J  r-i  i— 1  — ( 

II    — 'uC 

fc-i  ar  cj    «• 

"-^>aiic  ila        » 

4-  Lu 

^•saspi 

SOT-H      ^  --  => 

— .!— ' 

^3U-i4i*J 

n          H  W  a  3  k=j 

^'J'- 

^"hs»:j; 

'.TUQ       O        «=C  ^3 

n-s'-s 

uj  rL 

f  j  :  3  >   h            Oi 

^>m 

rNO,ii5 

ii  v:<:ii4o   .   »z 

--T  Hii-J 

^Jli4  1  ~^ 

£      C5S3CiIi3'^* 

"~.  "S*-3 

QHH< 

— jr  za^jc  v£«.* 

»>—»''' 

O  MHpl 

inn     m     o-^h 

-^r— 

'J3  n«-<r:     c     pui^t-^rtu:  i  -'. 

Q       C_4i-i**t-'H—             O  fc- 

-  «*io 

100 


ooooocoooooooooooooooooocooooooooooooooooooooooo 
ir)  ot^T3^or-fN(^Trun^r^o3  j>o^cN^^uOsOr^cx3o^O'~.N^^Ln»or~-coa,iO'— -Nrn^Lfi  or- T5^o^"^i 

(T]iT,l")'TinnnHnriHi'TTl"13,C'3,3,^Jr3'^73'3,3,3'5q,3'3'3,a,3-?^7?3,3'3'3,3-  ^^^-^ 

ooooooooooooooooooooooooooooooooooooooooooo  30000 
en  10  tn  co  en  en  en  en  in  en  en  en  to  en  to  en  en  en  en  en  in  co  to  n  en  en  n  to  m  en  en  m  to  to  into  to  en  'n  en  tn  tn  '.o  to  to  en  vj  to 

fcHtrtMMMMtH^^MMMMMMMMMMe^MMt-'Mr*Mtr*MMHHMc-it^MeHtHMt*t^MHi^ 
1 

ce 

o  —  • 

H  C3  UJ 

en     cj        a  j-  w  m 

— I       <=C  3  O  Q<  Q  23 

•  in     x>a:en  m  us.  .^ 

ton         w     m  *  o  m 

HUiS        h— 1 1— I  <cC     t  — s  H 

z:«ceu     a»«:     H  r-  q  <* 

r-<  u-.  >     2:  ly  m  en  l  m  r> 

hq     oatow  m  'n< 

'j     an  n  oa 

iBH  I/ISM  *•"*  63  ^ 

5hS      OM      <  ■*■  >  >_i 

« e^  fc     •  H  32  b-*  tU  "H  *"3 

3  -J  -3  hJ  M IH       U  H  ~ 

i_iuji-i      en      z  #  M  Q 

Q         Ej  <  HJ  »t— I  —  t— i  <~ < 

t^u-     H^Dir.n  «"•  en  to 

onhhwz<  i  ^ 

t—     >HHtncjw  ^  s  (j 

s^snsHK  o  o  rJ 

ST  :r;  li.  >-l  CD       M  '_>  *"*  Q5  cs 

inOOHWOMO                                                                                 a,         ru  --J 

ZZt-1'/]H^H                                                                                               H           M  05  M 

l^j  «—  Ec]  C3       Oi       Cj  O                                 #             *  ^  -^ 

"5^3  JITCWH  ^                                    — »           --*  °  — 

ft  H  5>  •-<  O  C5  33  t-i                             *-          r*  u-i  J 

Q           USU<tJ                                                                                                 II  a 

<wn      sua     ^  t-t  o  Hz 

m  o  tn  jj  .^:  E-t  =;     ^  rr  _  w-  .-           n 

scya:-H'-'a3tnto',j3  z  +  +  m     m     z 

.qaajawfn              h  W  m  t—  cu      cit      cy              — i 

«C        obcshp     in  -)  at  Pa  sq     =     M            s» 

HU-^t^O^'-l       H  H  M  W      W  — . 

OW>       35      UH      H  O  ^  ^  C.  |Cj+       C  =5Cj 

hl-kih     u<&     <  o  «-         r-         :s— jc—        o         «*w 

'    isicnt0033^  O  *^~                            I  I  M*-03«-  S'-O                 X 

T-u;       Ol- '  — iClm  M  O  LCiT-                              -T  CN  M  +  M  +  Pd»-  •-■'')       •-• 

(JMS3             «<E  lb  CN  O     »                            """2  T)  I   <=S  +  <«  O     *  3! l-M       f< 

ST.  eoc       XCO       fr-  *  *  ^o  m*-*  "—  ^-.l^^^  ^-O                 r-t. — JZ 

^UCM<:       mS^  m  35*-  CUOMO  O       ^»r-i— ")—      ?sr-  r^    -JCMV1 

tLu-<:eo-^r-tT~'^  *         *<*         i— Oinc^  e.      t-»h<:i-i«j:<c"»        ^r=V^ 

c     atnztOM'-ro  o        mo  »hidh        — 1^-.+  *-*H*-a.-'     ix'^        ho<    ;< 

"  Uh        i^J      <f,0***-      c-1      s-      o      ^«\     «*~     'JH"    «*-  < i~««e  ii  <  i!       P5^*      J-V-"1- 

^^  {        %       5       CD       CU        «        Qj         I    Li        t-lCb        ft-^r-        &r-<C<C   H  r-   ||  r-        H&         U-.    *  C.  —  *-   — 

rj-r/j.j       xtBzrj       3^3       •-.       r-"«C       33 MfN rt  II  -3  II  r!       h^rjHH— .*  — .+         5HSHriOZ     •" 

<  I- sBt-o»osi*o  •     ***      *      *moo  t  ♦*' tn>-    +—  -r^^^<:^     rr  1  *  *■       BjHfNJ^ 

suwh'  2-<<hj     o«-^-'-»-!z:<:Z'-o<n<ncnw  +  m+      -ji  +  QqrnnnnnQoirjfMBJem  i  w 
Hcn«JX      wz      -nit       cruajca,  ii  a,  n       [l,c&Tj     «-     t-j-)m»- h   i|HuiHwc.ii.afi1n.,r4ii   u   II   11 

<0:S^rihi:ZHNKHHHHiHZHC       MH-HO       O       MM       CSM-^-~~^h       MM  H  =5  <<  H  C5  hh     • 
0  =  m      mSu  «B3(i,  m  li   ll   ii  M   ii  33—  aat-i-t:  — 1|   n  in  il  in  !l  I c,r^«s«c^^  n  <fl— U   n  ^<Hcur  ,r- 

r<fc<HHaHMOftHHHHHHZHZC3aHHHDHQHHHHHHaaQCHQHHH  JM'-O   ««« 

o        oo 

in         -^r* 


101 


oo 

oc; 

r—CN 

m  =r 

'J 

oooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooouoooooooooooooooooooooouooaoooooooooo 


3- 


I 

•"5 


^  2. 

+  + 

r1)  cm  — »  .-^ 

Cj  Qj  *~  ' — 

—I  t-4  +  C3  ^-.  +  OS 

♦  ■*  -J  Civ  <—  OU. 

— «.  — . .  n  S3  +  Li.     rn  r 

l  i  *— m  '-n^:     — h 

^r  'n  -?■»  hw     <* 

Tl  '""S  b-"— I  ^"""H       fc-'M 

—  —  «« cm  «c  •»      «jj  n 

♦  +        CO       O  ^  tH  >-<       a  3 

Oi     a.  a,     o 


E-.        r\Jt-        ■»■  ^ 

*       *  *       U      35+       Ht- 

— *        -~  ^        <  133         j!   + 

«—        «—  r-        Bb        ^.~1  |    ,J 

oil  i  3i-(      ^<-n 

OifN     cn  cnoh     mw     0"-t 

M  f-jri  "3  •-J  O  i*i       •— I  «JJ       T~*"      M<H<H«5H<I 

*""  »~'CXi  *— •  ^— r-  >— I        *-*fc-i       »—i  «tj        *-"fcH  ■*->— i  — "H  *— VH  •"■"fe-t       r— I        — I     •>  OS        [K 

QjO  x  +  m  +  +    *ac     <:<      -'f      <5  «c  «*  «*  «e  <  «s  «=:  «s  ■-*;     £N     fNo  n     rn 

n  —  -o         -^cc     <*f~    «*o  oor-~,     hq     ^«c     H^^OHQHni-in.aHKtH!'-!         — iiHi—'fc-i 

»Oi     *  SjEOELlJiPrij  Cu<—  «£*         g-»Q        <*<  +  <    I    <+<   I   (M+C'l   |    <-  :->  ■♦.■"I    | 

C*  •*  CT\  ?z       HHMH#H#  #      *0T  uT*rv|'JQXQ*~)  +  '~   I   '-+'*   I   <-+0  I  OO  |»-+t— 

H<-«   *<       rsj.-vj  i      »^_  v ,  ^O^-~nr£r-5"0-tf   ^^ocs-x— ^+ ^+ ^+ ^+ Kc-<c;f--irM  kH^H 

*r-C3MMta«JBr-CNr-t— i-  t—  t—  ~.HCN  II  Mc3  II  M~">  II  «C «*  «s «•£ U r.J U (J O  ||  O  II  «•"  *•»  II  *-  li 

*-  I  mrjf.it  |    +Qjh  I  >H  I        -~Mr%jrN  I  «"  O,  "-*•.*  „^.—vc  _^"»rj* . n^rr^fT'T'l^ri'^H^  rH^r-«,-« 

II  'N  |    ■«■   BHH  |l  T~  II  »*"        OiLliPUi—  <   II  T—  «S  ||  t— «£  ||  t— M  >-(  r-*  >--<  >-t  ~l  t-»  (H   II  *—  II  I—  ^.  ||   r-  II  r- 

'\j"3^i;r3:a'f'-'^^i^     <->m>^o  ^-»uj  sh—.*  ih  -^+  t-<— ♦  -— ~-~—- — — — -~— ^^+  ^-.+  ^:         ^+  —»4- 

>— •■ — > — <  « ■»  •*  ■.'N «h ~" v-« ~— *     -t-  ■»•  •♦•  — ■v- s; «a: ca ca ^: u (^i<c c_j «■«<*: «« -s «c <« <: «:  «x«ctj(Jr.?ta— icaaaijo 

-4-|*-H-«rn;M        +        +        *au+    I   HQ^',10"^'vli40riJlHHt-JHrl!r<H''lr-|(r)'vlH',l',n,"nni',in 

Of-(\ns     .r\JCvJ  ||  O*— 0T~,U_) rn-^r^ir-' nj         l|  WH  II  HH  II  Hi-l«t«(:<!«<(:'-J<:Hi-IHH:nriHHHHM 

•  LP       H.3f>J  33X^        *       MM— |^       H^OS"* — -li,^-— «Q5 — *-,aQQCQQOQw*' H|     |  *"-~-* 

0»~  II  "-"II    il    II    II  <tr-  ||  r-  ||    ||    ||    ||    ||    ||  -%J.G4  <<!Cj  <<Cj.<I«S  |l    ||    II    M    ||    II    II    II  «S  «C «« <:  ^— 'II    II   *C  «a:  <  «a: 
II  02— (v^Hsn  <:aacjQ  Qjre^SHHSHIHftiMCHaSHtEHt-i-iHH      cSMiHHHH 

Mcrj^rsir^'^^r-or-ouT'^^rn-nrni_-Ja.fej«r;<ccr3--5<i4<c-^ooT~'—  ?vj^jr)rn«ts;<!:<;tiJpT,i<<:t^fl' 
■JQHHSSSJSHQvlQHHHHHHH^HDQ^QQpiQCiH^HHHHf-HQQQQHiHHOQDa 

o  o  o     o         o 

o  o  o  •—  cn     --n         ^e 


102 


ooomoooooooooooooaooooooooooooonoooooooooooooo 


r-J 


x 
<: 

ffiCU  i-4 

CSX  <c 

<c  h  en  «->  uj     tti 

«<i_1Q3       PC  O 

«Si_J       3SOt  Z 

feJZtf-i       O          »  H 

C=OJF-i   (         O  — . 

cxacca     w  ca  m 

St-l       (-".-J       M  OW 

!    OiQ&UiQ  iJ-lQj 

QCuS        »        H  *-)«* 

S'SCKO       «i  I    —i 

►jviuia  »—  •— • 

ca     wh         c?  —* o 

zz     \n     «c     5s  #  (J 

C    •      r-»           »~t  *-» 

t5i       Su       2SZ       tr-"  XW<«                                      => 

G^'niooca     yj  cs-*                            -4 

i^C.-3^'JO  ^-    &*■—                               o 

(£0!    kkl/1       H  CN        I   Z<C    • 

53  OS  8-J  5S *""  S3      *"u                   • — .  i— '      r~  O  x:  *-» 

UO      «l<      H                       -<  »      — Ufc-fN 

Ma-lMQCSCK                         +  t>       *  +        H                                   «< 

yjcnafcti!  t-»     <j                 r-  cn     as     ^^— ^=    » 

HZffi'O                   •">                         —  \      CJ        IJ'NO'-                                   O 

%«c  <-i  z  *3  cu     a                  #  _^    «-      t-~)Cl.>-i     ^-.                 :s 

13                                  sc       <ITS       3                       ^  *-       M       r-J     ■»      "-"      Z                       IH 

Oj                        antn^OH     to                ^  h     ^    H^a<<     -J                w 

S^                                    CK~    HHb                                         <N  *        <C         I    ZOH       H 

feir-t                         -zWH      MO      CJ           *-»     M  ♦       H      — »U^-*      t/J                    '" 

i_r5                               %CT       ><J       H       25             S3          »  Cl.       <       Nr-MO       — <                       W 

+.  +                   zehqucqz    <        \    o  f-1     n     mm«ij        w              = 

,_,  £jj                             «.     e-i  l-l  O  H    •                 *-<       w  '-0       w        »—- V-4  (t)      H                     >-4 

3  bj                      <  <— i?.u.*      z  z      ^-**      <S  "3     **3     «—  <  ra  c_.      <*:                 <? 

*  S                        e«HE      8WO      SH      H  t      i»      HHU          a                   > 

»^H4                           <*U4      l_?       33>H- •       '-JOj       «3*  r-l       C3       --"«i:,_<Z       .-1 

cur-                           Q>    «0    .CWH  I   GS*        a  *■        U       ^n-cu       6-                CSsH           ^ 

e-i^                          >— zx:      Xiu      <!  |  23CN      *—     .->       I        H"^H      *  r-D              » 

(/■; m                                OWB3B5WW^)r/3    *»*-^  <~       — »      <           H  — T^                   »Cj 

actii                       jlW-hz^omz2:  I  ::  ♦      r\j      a  II  w<«—  o 

t-  4.  jj     >j'j^     ed sjh "SH as  li  -a in  I  H J**     •— '   ••^  ■* *~ 

M3  w     au<     ra     cii<      r-c^,'-*\<UNr:z'J     re     "z:as(-«.ti     ■a;'-      +  h"      nw-n 

**                                sSWJWJZ^rzXIIMIKNZH*"-!?^       SEfN       ^3S!  C   |  0«-  H    II  O        *^ 

•jl^u^'O  FHOEanais:        cjom     m  *m  +  ii  a    '-— • — •  • — > * — •  c     o*-o=b  +  ^j«i — ^^hnh  -i 

,|  HHQ,       S            ~fe,a       OW     .       P410II        O  r-             HHMIIO.^.I        C4D,CX4F-)7'NCB+   M        M+    I   £11 

IBW^HOW  0hHH3K>OW?.      o-o— nn       *-  t:  ^.  -•  -nj  r-<  *  ^v  .  ^  ^T^II "  ■■'-  T^  —  vJ  - 

Ci33l|HD  P=       "T  •-)  T-"^  ^"-  ^WOir  «C-       SS       Q4<i4HH  W  Qj  II    II    II  '-*«•-•«<       nHvCrt^       Mrt 

SIMICN      HQ      =Q0535fd5S      «M-«3aH      H  HUi-?-HH      tO«OOr-rsj      y  II  H       »  j*      "H  II       *?* 

U 'J 'J :j  U  U U U  'J  U 'J  rJ  U  U  'J  U UCJU'J'J  r-J 


r^>--i 


103 


ooo 

0*.0 

tNnn 
u-m>cr> 
ooo 
CO  CO  CO 

www 


oooooo 

fNrn^cn-or* 

UIUDUIUIUIU) 

oooooo 

CO  CO  CO  CO  CO  CO 

WWWWWuJ 


OOOO 

coc^o*— 

OOOO 

to  coca  to 
wwww 
fc-i  fc"4  fe" 1 r"1 


OOOO 

OOOO 
CO  CO  CO  CO 

mwww 
e-t  t-<  e-t  t-i 


OOOO 

mu  miu) 
ooo<o 

CO  CO  CO  CO 

W  www 

SH  trie-it-* 


ooo 

0*""N 

mcncr) 

U1U1U1 

ooo 

CO  CO  CO 

www 

t-»t-<e-l 


ooooo 

J1  LO  LP  U">  ld 
LDU1U  IUIU1 

ooooo 
ca  co  co  co  to 
ww  www 

fc-»  H-<  yH  fe-l  fc-t 


ooo 

cgcro 

ooo 

CO  CO  CO 

www 
lrtfcrlfe-i 


oo 
ovo 

UP  CM 

oo 

COCO 
WW 


ooo 

CDLDU1 
OOO 
COCO'O 
WWW 
b-tfb-t 


OOO 

-OX5  O 
ooo 

CO  CO  CO 

www 

fc-Hnt-l 


OOOO 
CT>0*-r\i 

una  miui 
OOOO 
CO  CO  CO  CO 

ww  ww 

feHr-tr-lt-t 


oooo 

"H  -3-LD  0 

r-r-r-r- 
tncnuiu  > 
oooo 

CO  CO  CO  CO 

w  www 

ftfc-ltHfcH 

w 
w 

XI 

< 


w 


CJ 


7T,  M 

HM 


n 

co  ri 

2i 

C"  ^: 

■J 

o«s 

^N 

►■^ 

O                                                                     OH- 

J5 

a-                                            M      SB**" 

HtSI 

T-                                                        Cii        JeC        ^-» 

!S 

»                                              «:       rjIrH       r- 

C5(K! 

O                                                 W       ,h-<        + 

HH 

^J-                   —                       C^M       ■— Q       rM 

— IO 

*-* 

T-                 i—                       n,   |         «£  +        ^ 

COCj 

*^~  ^■■% 

••                  +                  HJC«     H«      ' — 

5v 

•+■  f— 

O                 "™i                 c-ar-       <;r-^_«c 

a;  w  -t:  o 

!N  + 

O       "MO^            ^-.-'*".                  "C!.-*+        a  +  .^r' 

OJ  IS       u 

o 

HCN 

Oi     mcn»-         hjcj             w  +  t-j      +-2^<; 

4.    +  C-( 

pj 

*-"VH 

H      + »—              25 1  \j          w  t-*  «-*-s      ^-js:  *— o 

M.  UiiOSO 

H 

cC*"*                                   o 

»      T"     *. O  CJ  M             ^  1   OuOOU'-t  + 

C^Oi       — i 

•*      «-— «. 

r-i<:              33              «— 

N<!       HO. — ,T- (»r^  *"•*-"•  D5E*-^S  CM  CO  23  (NiK--", 

■B  x;    w 

NJ       r~ 

tH       , .     M                 <— 

<  — #  rsjr-  +  t—  >_(-£  C<  NiUur-JrH- JH<r- 

h-il*1W5K! 

ct!       * 

,— < 

Cl«fl02!— «3                    % 

■*:  c-i cn t-  +  cm   »— e-h  •«■•«■  h  +  'n|— '  <%!"— o + 

Ctr^O 

KS      r- 

T" 

«—        +•  OC""" — '    «M                   O 

T-t-i  i     **?:mo  <:<s:m^  i  >  ^m-3;oh<  +  c-^ 

!T-.*   r~ll-4 

r~  — »0 

*"3 

C.       ~~  1      *t-"fNCO                 <— 

t-  w    »^-»o  as  "—'Ti  ho^fe  — j-i  "^H  CO  —th  —^H 

c;  -j  — <  co 

Hi—"— 

■"■* 

t-l       HuiO<\#^.   .     f— 

+•     *CN^-tOO  «C'~  <C  +  hh  H'N — «S  <4J r-  rtj  <: rvg  — 

OJ  Pj        t-, 

«0  «3T 

«as 

»       H(^00<I<^'N     » 

— »S  da  +  <—  U ,  E-t     sC  ^>Ci  QH<HQ     »*->  G  M  <5 

1   HLOU 

^~. ' — EH 

H 

'N  — s~~F'  <N>J  S-1  H  «H  \\0 

tHHOI       M«S(^    |   <—    |    +  '-%-<<:  II  0<C  II   — 'gH 

.■c,  o";  w  r^; 

^-i«r*<: 

<B 

D i  ry)  <-  rrj     %Uj  Ctl  2.  W  — ,— »0 

\5G     »X^-»*  r3t*»<-*+  KHi4eliC<^£0«. »»es:<C 

fljOJ^Cid 

TTbHO 

o 

HH'H  t-IO  \CC  H  3  m  a:  *~ 

zi-f-zooj  1  ^rvjoifSStSJHa  II  t-r-  h  r-HC 

n  +  «*:^ 

*-*t  II 

II 

»*— *«S  II  OHtncnHUiti. 

r- 

*-^-4M*-^z:*~"ll       M  w *-«•<;  |i  — .•+■       ^.*  <-c  i| 

LP 

Wr-ttO 

mo.,-. 

— , 

r-  ^  Q  «T\)  Oi  ~-'*   *-*£H  C~  — » 

•* 

*    II    II  *U*  — — *QCi*C4— T3"D*-. "-J-iQ^-* 

• 

t-i  -  J       w 

II    II  •—  o 

T-O 

it  tr-*  t !  ^ —     o  2:    .25  co  cos: 

OOf- NOfM2>-E<i;<W^  II  t--?z.jzi&_-zl-z  II  «— 

I 

*  -s  «z— i 

«""  — »-*■  (\ 

+  V-i 

rv  <;  *. »+  — «^=e  n  <"M  H  csj  oo  .  js  us 

CU  Oj  i— I »— <  Dj  t— *  '_5  ^.  eel- it— I  »-H  I— '  ^«.-^  CJ  U  i-i  CJ  CJ  -^.  ■*■  w 

ta 

S3  iz;  o  ca 

Hr-r-H 

^-NML-CSCMtN-vafc-ico   1   CO   1    +  OOJ 

H 

►H             H    |    H'NO<J:<«a3.'MlMMrMON(NN:N3 

Cnj 

Cl4QJ'Hr' 

MH  ■*» 

h-i  + 

II   M1-1    1     II    II    II     II      •     «W    | 

•-H  II 

II  OO  II  MtTHWD^  II    II  t-H-i  HHWWHH'-IZ 

II 

L-h  kH  CO  O 

o         \ 

O  W  >,^'~'Z  ■illC-lr-'-l-      . 

N^XD'llinHH~rH    II     l|    LG  »— 1  >— " — ->—\  — ^ — ^— " 1— 1 

CX- 

lO  CO  CU  c 

r!"  «j  <r,,— ; 

<£»- 

ro  Q-i  <:  «=c ' — e-i  ho-Oi  ~"-— *+— »— 

1  H<t-T-s'^>- <~-u5hu<cii<<<<:^<;<<.sm 

c, 

o-iiNrn 

HH  II 

H  II 

5CHH      W3HEH  II    II        II 

II  s 

H            CJ             H       Wfc-^^HHHE-i       HHHc-'^ 

re 

II    u  UK 

o«^<,~ 

rti*"* 

OK«*!«3WSHC0  'O  C.  M  w  M 

*— IT" 

'-'JO^iww'S^Hi-i!iia<5-ii«£<W'«<<i'fl:o 

w 

C3  r^  W  CT 

acQTOi- 

DeCQHcH'-1NNI<itWNNHHn£HHHQHDriE-lt-aaC|CHQaQQUH 

or  c<3 »  o 

O 

o 

->ooo                               ooo 

0 

oooo         o     o                        o 

r— 

cN'-nrr  n                                 o     r-     cc 

<C7> 

=rm  -or»- 


U(J 


104 


oooocooooooooooooooooooooooooooooooooooooomooco 

r*r^r«"OXCOCOCD-OXa3'TiTDC>0>'^3MTia>^TiO!3>OCOOOOOOOO'-<-^'-»-'-'-'-'-'-rM  \J,"N^irN 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOaoOOOOOOO^O 

cot/jcosyit/icoiot/r-ococnoTtoc/v^tocotoaitoc/ic/jc/jtoco^ 

I^HMb^tr^rtcH^rJt^t^lrHHtHtTltHtHfrHrrHt^MtHrrHHfr^b^HMH 

*  * 

*  * 

*  * 

*  * 

*  W      * 

*  33       * 

*  6-t      * 

*  * 

*  H      * 

*  «<      * 

*  * 

*  CJ      * 

*  25       * 

*  H    «* 

*  >-iw* 
^                                                                                                      *  aj  O  * 

E  *  L-«  ■*  * 

j3  *•  (/JUS* 

^  *  * 

y  *  WO* 

*  >      * 

p  *  CCi  33  * 

uj  *  do* 

q.  ^  *  CJH*  —v 

O  *        fH*  *0 

q  J3  #  "3U#  -T 

s  ■»  *       c-4*  o 

_,  >;  it  :/)Lfl*  <N 

^—  <C  *  =»i~<*  "— 

as  *      cj*  « 


1*1 


*  ^>.&J* 


=  X      *u5>* 


H" 


'-33        *  — ~^* 


.a;  *"!      *  flj  H  * 

O  M       *  -— M* 


s: 


*■         CO  if 

or-     *  aq  o  "-      ^ 


CN 


m  •»  *  H      *  *I 

0!ju                                                 O  «*  #         <*  Oj 

i—  r/j          »-          ^         zr                                   o  t-t  *  to     *  » 

-nis           +.          r-         JN                                   '-n  <  *t-iz;*  ~ 

v4!           S           +             »                  —              ~J  a  *  3>->*  -O 

+               o  H  *  *-'-"*  "^ 

in            'vO  a  *      >=*  -=r 

H               CN  «--  *  KIM*  ■— 

0rt;            _^      — T_,                                      —                   »  C5j  *  31  >*  ** 

r»ui            r-       -<=<            iN«<     •            «C    «            O  S  #  HC#  ^ 

rNQ5            +       fQ           rsiHO           HO            -O  a.  *  E-,?r*  ** 

rfj  ii           cn  *  :o      *  GJ 

ss         zo  ii  <-oof  ii  f-<-o  ii  >-oo^o  a  *  uyss*  2: 

-Str"—       ~- Ul  — »  +  fUCU-**-*+  CjCj^-,4-  LUUUt—  11  -h  *~j<:*  'J 

O        ■*■        *■  r\J«— »~  t— <  I— I   I  t— t— — <l— ir-r— u-i  >— 1   t    ,_»  H  *  —        *  i— ' 

&4fcs;rM    a     m  1    1  rspn  1    1  -;o  1    1  "^^^  =>  *tow*  w 

— »<:  *-.  i-h  u_i  t-, . u  «-e  1-1  -1  *-v>: «*  m  >~3  «=c  <e  m  n  —"■<  d  cs  *'.ooi*  w 

r.j  11    II    11        MHII    II       HH  II    II  H(H  II    II        HHQ  ^3  *  MS*  ST 

tux2rsT-»—  j«s:<c»-'—  i»j  <:  «s --J  < — sJ  <s  •"  *"  fen  «^ r"- 3  —  *rao*  t-1 

^rHH^'"OOHr:HQQHnQCHTHCu:w  '.0  *  EH CT *  Q 


*        * 

•K-  * 


0     o  o  oo     o  oo  * 

o     '-■  cn  ~^"y     tn  'X>r—  * 


o 


105 


OOOOQOOOOOOOOOOOOOOOOOOOOSOOOOOOOOOOOOOOOOOOOCCO 

en  i}p*cDa^o»-"rvjn^'in^3r^ao^o^-'^i^n-=rT)  Of*»a3a%o«~CNn-firi  .or-so^o*— r^ro-a-cn  or-asc^O'—  cn 
rMCNr\jcN(Nr-)rr)^Tnr)''vif,orn"T^i'^icr=3,^r=?'3"^=r  3-  ^^^inLninincOLn'.ncnLn'.ovoo  a^jdvOkO  or*r»r^ 

sU  jj  ,Q  4J  v©  jg  vU  \i3  ij  J3  <t;  v£J  JJ  vD  ^ij  £3  -JJ  -iJ  ^-U  i) -JJ  U  U'\J  \£J  -J  -4J  -u  gj  i)  X3  M»>  X>  -O  viJ  JJ  -XJ  UJ  -U  XJ  iJ  XJ  -U  .U  _>  — ;   £   U> 

oooooooooooooooooooooooooooooooooooooooooooooooo 
cocococococococovjcocococococococococococococococo 

COWUJUJWWUJWPJI^UjLiJUJUJLfc^Wl^WUgpgCiJI^W 

MMti^tHM^iHt-fMtriMt7iMt^C-iMMt-iHMc-'tritr*Mt-ilr*M 


a, 

^^ 

*  u 

* 

r— 

* 

H 

* 

au 

% 

♦ 

bH 

* 

O 

O 

*  CJ 

# 

• 

* 

-a 

* 

'.n 

V— 

> 

^D 

^, 

a 

« 

# 

^u 

•H- 

M 

o 

■»■ 

* 

a 

o 

* 

<C 

■M- 

Q 

r— 

* 

* 

a 

* 

* 

CO 

* 

a 

m 

# 

<= 

* 

* 

*t 

* 

# 

% 

•* 

s 

# 

X! 

K 

JC 

a 

* 

uO 

rj 

•K 

cs 

•K- 

» 

■,-^— 

z 

•>r 

H 

* 

• 

MM 

< 

■« 

s^ 

K- 

CL, 

*  —* 

us 

■!f 

u.l 

»• 

J 

*   Q 

— . 

^* 

BU 

* 

<S 

.-o 

O 

-=■« 

<-, 

* 

CO 

* 

^«. 

*; 

— .x: 

o 

O 

X 

.X. 

# 

o 

H 

Hft 

«— 

«c 

■if- 

UJ 

* 

cr 

» 

■K-      % 

* 

■z 

«r- 

-K 

cr; 

■* 

C5 

% 

rj^» 

• 

mM 

Qj 

K- 

3 

* 

-T 

X 

*»H 

*r&. 

% 

« 

to 

* 

••* 

r* 

•a!* 

^-^ 

<r. 

• 

# 

■n 

■r 

H 

% 

HCN 

a; 

W 

^_» 

* 

uj 

* 

cu 

w 

«*|w 

"-- 

co 

M 

CM 

■:<■ 

as 

* 

k 

a. 

Ci«s3 

Oj 

■a; 

-X 

cr; 

-5r 

'j- 

■H- 

_ 

►J 

"~ "V 

— » 

U 

« 

■»- 

*• 

^o 

«* 

tj 

— . 

% 

w 

•o 

^: 

■^ 

^» 

# 

C7V 

UJ 

+•  CJ 

r» 

— , 

w 

V, 

•■ 

't 

# 

►- < 

* 

O 

as 

«. 

• 

H 

P3 

a 

% 

% 

* 

H 

* 

3" 

— 

fN— . 

o 

■*■* 

it; 

'0 

o 

r> 

# 

'0 

* 

-— ■ 

„^ 

* 

«.  r— 

t— 

a 

to 

CO 

• 

% 

JC 

~ 

rr 

O' 

t^ 

X 

*     1 

Exj 

Q 

CO 

w 

o^-. 

;r: 

# 

o 

* 

* 

—~ 

r» 

«H 

» 

sc 

*-Jrt 

OS 

« 

it: 

•»«■ 

CJtti* 

^-^ 

y 

k 

— «* 

X 

cu, 

oa 

a. 

X3C 

'J 

M. 

<cw* 

.D 

^ 

« 

T-^J 

CN 

OP. 

rt< 

h 

X 

:q# 

C7^ 

CJ 

UJ 

t       —« 

*"- 

II 

T— 

Cu 

rs 

ar 

1> 

&J 

t;* 

O 

CJ5 

I— (<C 

(Y» 

»U-( 

o 

lcm 

C3 

r- 

BE 

r;  ->i 

=* 

T— 

II 

25 

*  e-< 

s 

X 

-  a 

»  v 

^ 

)<• 

HZ* 

^— » 

•X 

rM<: 

rN 

13 

w^ 

w 

•   X 

X 

¥ 

^•j# 

s 

•4- 

X 

CM 

^-CJ 

t 

Sf; 

— JJ4 

Q 

UJ«C 

•a: 

«•  a;  >  # 

AC 

< 

am 

<    ». 

O 

tii 

^-v.^CJ 

3 

hJJQ 

S3 

■* 

tr»<-» 

'sJ 

_» 

>^ 

* 

tr1  — . 

^~ 

»-, 

O " — T^ 

H 

«n 

H 

M 

o 

.ii'r 

% 

• 

□u 

X! 

4H 

U-i 

x 

•      H 

p— i 

CJ    » 

' — ' 

■ic 

hJ 

* 

^^ 

en 

^.^ 

£> 

CO  — 

% 

<c 

C'ilM 

3j 

'AC 

'  -4 

^ 

r. 

-J* 

r1 

\ 

X 

% 

X  *"" 'u_ 

X 

x:c 

»CJ3  22 

_  _r  n 

-  o 

u-J 

* 

<=C* 

a> 

X 

X«1! 

J^. 

» 

«*-- *    - 

CM 

<CU. 

C  25  V5> 

J~!rt 

»s 

L-4 

>- 

UJ 

t-l* 

c 

»s 

<5C 

< 

H 

^:hm 

fc 

S3    • 

.<<: 

•  ■E 

ZOi 

3 

Jc 

-» 

z* 

^? 

E 

?JCj 

K 

«■ 

^UJ— . 

=r 

1-5  eq 

rj-aasr^ 

"5- 

H    %-^ 

H 

•;;- 

H 

o* 

■** 

i-l 

■H     t 

H 

«. 

oo 

— * 

%C9 

• — ^—  - 

1 — "— ' 

S3W«- 

TB 

■h- 

H 

:-J* 

S3 

~-*_» 

%H 

^ 

;< 

«-C0O 

«» 

a 

r-     • 

CO  Q  "— "— 

Oj  S3  &C  i-1 '— ~— ' 

i'- 

=?.>-H* 

U 

H«~ 

OO 

r—  C? 

>— 

«n 

Pv| 

x 

• 

— . 

usifN&JW 

LT  >H  -u  ^-au  H 

UJ 

•^ 

Q 

C-Tr 

z~— 

« 

•o 

• 

« 

II    II      ■» 

CN 

•— 

II    Hi 

Gj  ^j;  s:  ,'C 

w  q  a:  uu  >  civ 

S5 

K 

M 

o-x- 

Z 

k<  sc  m 

' — 

•—    • 

II   — . 

II 

\ 

OUJ*- 

t 

— -UJ 

SC^iJ**  -iS 

Z<U<hU 

H 

«■ 

LXJ 

33* 

CJ 

CJ«S 

1 

t  o 

1— 1  OJ 

*""' 

>-*.— ^^-t: 

!t;H 

-4DB 

O  as  ^5  z  i 

HWO  i^rr-a 

H 

* 

rr 

-i»- 

HJ 

II 

H "— T^ 

■H 

H 

>-<UJZ<: 

ii 

OZ 

U<xv( 

i-j  s:  as  o  cj  w  35 

C 

# 

^T 

w* 

CO 

II  II 

II 

II  II 

S3  -s 

'3 

O-fHHs 

O^M 

C3 

Q 

Ji. 

—  •«■ 

z 

be 

O^-H 

.T 

y 

«-Q-tb- 

ICES 

i<  Aicuf 

MMkli-ii 

jji-itj-ii-ia 

rx 

■H- 

CO 

r-"fr 

teJ 

K2XXXX 

T-CJ6"" 

i— 

05—. 

OKZO 

<: 

wz 

hJiJiJ^HlJiJUi-lhiHQ 

i^2 

■«■ 

H 

* 

xr 

rt:>-H^<<< 

*— *^2 

ON 

urao^ 

7Z 

O  6h  CJ 

■«!  «<  <C  «C  c 

>U  «a)  «ti  <c  *a:  <c  bq  js 

3 

# 

~ 

Uj-R- 

H 

y;s:>-: 

St!  sr;  "!r; 

OttiO 

^) 

IJU        » 

OCX,       Li 

1 

0,0.  MCJ 

U  LJ  ■  J  U 

:  j  cj  u  U  u  U  Q3  w 

CO 

# 

-H 

c* 

O 

H'-SO 

04 

OKI 

QH'J 

r. 

„^ 

* 

o 

o 

* 

* 

o 

OM 

O 

* 

o 

*"■ 

J        rjr-cjc 

1 

CMI 

J 

JU       '. 

J  u  CJ  -j  CJ  I 

J       CJ 

•—  (_ 

i 

106 


oooooooooooooooooooooooooooooooooooooocooooooooo 
'^ttnor-x^O'-tNn  ^tnv£>p»cocriO',-cN>-^=Tinvor»co<TiO'--  cNrTy-T'j->sOr-»'3;Tio«—  Nicy  xior-^-nmo 

>©  vu  vo  su  vu  vu  vo  uj  su  vu  \u  vu  vo  vl>  ^o  su  •£>  sd  ^j  v£j  \q  ^0  ^  vL>  su  su  vt>  r~  r»  r»  r>i>r>(Ni"'ivM>i>ivis^r'M''WNr* 
0000 ooooooooooaooooo 000000000 00000 0000000 0000  00 o 

£xi^uJU3WujUJWWur^cqLi3WWUj£j3tM.^wu3WCx4WW 
t^Mt-it-<fc-ic^H^trHfc^Mfc*MMt-iM^tr»fc-«irHt~it«bHe*tritHfc-'Mir^trit-«ir*e^ 

*  * 

*  LZJ         * 

*  CZ         * 

*  H      * 

*  * 

*  ft.      * 
■»•  O      # 

*  * 
•*  2      « 

*  u     * 

*H  ■*- 

*  H  * 

*  O  * 

*  2  * 

*  O  # 

*  X  •* 
.— «                                                         4fr  "S- 


* 

• 

* 

* 

i-> 

* 

* 

r  < 

* 

* 

hJCJ 

* 

* 

<os 

* 

*  2 

h 

* 

■*  O 

KOI 

-» 

*  H 

s 

* 

*  f 

A 

* 

*  <s 

W  II 

* 

*  0 

0 

* 

*  01 

0  ^«. 

■ttr 

*  w 

QfM 

*■ 

•* 

O* 

* 

*-  a 

.1;* 

* 

■Jfr  ~ 

Pj2= 

* 

*  t-i 

^ 

-»■ 

* 

l   1 

* 

*  2^.. 

-J* 

* 

*  OX 

n 

* 

*      *c 

Sri'  ^ 

■* 

*  OK 

cn* 

* 

*  WH 

■K- 

* 

#  en  \ 

—     C 

* 

*   «S»-H 

■^  <3 

* 

*  COO- 

^£^ 

* 

«• 

iH 

* 

■K-  2* 

3Ci 

* 

#0 

OO 

* 

*      rg 

[/"J 

# 

*  a— ' 

[XI 

* 

•s-  a 

u;v 

— »* 

*  «c  11 

rt 

K-ir 

*  e-" 

H:-J 

O* 

#       ^-» 

^ 

•— •* 

*  2— » 

^3 

■«■ 

*  <cx: 

«s 

n=# 

•*■  O 

CJ     . 

^;-»s- 

^_ 

>4 

+      <c 

W 

if 

1— 1 

<* 

■«•  SH 

nw 

7T* 

*"* 

■C 

#  J<i— 1 

St—) 

M* 

0 

C-, 

*     w 

tj 

* 

*  wo 

tsl«a3 

CQ-K- 

II 

II 

«■  O"- ' 

r?> 

M* 

*•  u 

>~i 

X* 

X 

X 

*•  rf-» 

<<r 

k** 

<: 

<c 

*  > 

>f 

* 

:r: 

£ 

#        -^ 

isJ 

-1* 

q 

■."i 

-K-  ^i^ 

^"  —i 

«£!,*• 

, , 

_> 

■S-  O 

0 

t-t-Jr 

-«S 

X 

#  sl« 

KO 

2* 

*r, 

«s 

■»  i-ir-1 

H2 

O-i'r 

yr\ 

s 

*  X-l 

j*;  «c 

t-J*- 

T< 

Ol 

*  <eu4 

«£ 

M* 

• 

•  X 

*  «D 

5l-  Ol 

Uj-K- 

--4 

Li,** 

*      — 

O* 

'J 

OK 

#  W»— 

UJw4 

3:* 

•  U4 

•  C3I 

«•  i; 

■y  «T 

* 

—^O 

X 

-*  H 

6-1 CJ 

t3* 

-*•*■ 

■<  II 

# 

H 

IS* 

— *v-i 

£ 

-K-  c/i 

C/*E-« 

H* 

Ot^ 

CUX 

■«■  1-1 

MLJ 

* 

--•2 

"-'<£ 

« 

03 

&3* 

u.c 

uh  S 

*  X 

XO 

-)* 

mo 

MtO 

#  < 

*£kl 

<c-* 

*  sc 

7.  rc 

O* 

■*  O 

Ot-i 

oo* 

* 

00     «—     X  *          * 

O'-          »      <  *  K       * 

*•■    *      O       "^  #D      # 

*-      0     <n  *  ex.     *• 

-*«■<—»  *  t-     *■ 

«jtij         «.     -  *■  CJ      * 

KC2       -         j3  *a       * 

\o      ^      ~l  *  O'      * 

—  m      :n      «:  -f  -T     *      ^ 

M      sc      u  — «     *           *       •£ 

»ia               en  w      *  w      *       3> 

no     |D     ■  aa*tri*o 

uj<      >        •.  »     *  o     *      cr 

co*:             o  ns     *  '-0     •!<■      —' 

jr;             s:          •  <C       *  CO       *         "- 

ot:oo,-»  »    #  M     *      no 

Ol      *  03       ■».  » 

>f^     o     «*«<  kj                       >-:■**-         ■»■      ^c 

<crj     eq     acss:  «*                       66     #  ta  ••»■     o> 

a  w     0-1     o  m  s                        o     *  ^ . — *      <^ 

uiC/;       *  %  m                          »*ir-''j-i*-cr 

<c          a     w^  x                         «*c     #  r.o  ~"*      01 

7C        ■«•  -*        *  * 


a-roio- 


ozh     o     <<H     £  m     *  o ac •}«■      ^>       • 

ocwtnx       »o       »o  &     *  ^  =  *      ct     < 

•  -"0  tX.     •  CU 


CO  O ' 'CU  2^30'—Wr'-'  «•  —   t:-K-  _J       HrHOO 

pr, -nj  UJ  U3  CT  I— I  W — W       >lUw3  W       ■)♦•  O  -*•><•  -3""*^*    *     ' 

£04  •*  X:  JC  W  Q  =  kti  5»  >H  K  UKii  Z;       #  U5       *  -^       HWU|rr- 

EnJ<:<Z<!U'i^U3U.Q  >-i       *  iU »-4*  0  iojc:ii 

a  ^j is 2 >~i  fu o  C3 o co o  -£ 2  t-i     *  o<:*  h      n 

U««5-«tMt-3)X5ZOU  M3  O       *'1'J*  V3  II    II    I'    II 

-(^►-iu^  O      *       M*  2i^- 

.-I^j.J^^mJ-JkJ^-IhIS  03       *  y)  fc-»  ♦  UJ       ~.x:^x->< 

1-ijt3j>jj-jjk3<:<;<j!i-iHQ         ca     ^hk*  e     «:  «<  >-.  -« < 

OUOOOOOOU  JCW  tn      *H>*  «       H0=33Q4OI 

*  * 

*  * 

r-U  OOOOOOOOOOOO  OOO  OO       UU'JUUU       O 


107 


BIBLIOGRAPHY 


Bergland,        G.      D.  ,         "A      Guided    Tour      of      the   Fast      Fourier 
Transform,"   IEEE    Spectrum,    v.  6,    July    1969. 

Blackmail,    R.    B.      and    Tukey,    J.      W.,    The    Measurement    of    Power 
~  >ectra,    Dover    Publications,    Inc.,    1 9"58". 


Brigham.    E.      0.,    The    Fast   Fourier   Transform,      Prentice- Hall, 

DiNapoli,  F.  R.  and  Deavenport,  R.  L.,  "Numerical  Models  for 
Underwater  Acoustic  Propagation,"  Ocean  Acoustics,  v.  1, 
Springer-Verlag,    New    York,    NY,    1*79. 

DiNapoli,  F.  R-  and  Deavenport,  R.  L.,  "Theoretical  and 
Numerical  Green's  Function  Field  Solution  in  a  Plane 
Multilayered  Media,"  Journal  of  the  Acoustic  Society  of 
America,   v.    67(1),    January  T980. 

International  Series  of  Monographs  on  Electronics  and 
Instrumentation,    v. 9",    Pergamon- Press,    Inc.,    T95U. 

Naval  Surface  Weapons  Center  Report  75-18,  A  Statistical 
Model  for  the  Fluctuation  of  Sound  Transmission  in  The- Sea, 
ur"IcT,~ET  J77   TT~7eTruary   77757 

Naval  Underwater  Systems  Center  Technical  Memorandum  78  1054, 
A  Simplified  Derivation  of  a  Quadrature  Subsamplinq 
Technigue7~rackofT7~'HT~'577    17" March    J"97B7 

Stanton,  T.  K.  and  Beyer,  R.  T.,  "The  Interaction  of  Sound 
with  Noise  in  Water,"  Journal  of  the  Acoustic  Society  of 
America,    v.  64  (6)  ,    December   T9TB. 

Thomas,  G.  B.  and  Finney,  R-  L. .  Calculus  and  Analytic 
Geometry,    5th   ed.,    Addison- Wesley    Publisnmg   Company,    Ty  /y. 

Urick,  R.J.,  "Models  for  the  Amplitude  Fluctuations  of 
Narrow-Band  Signals  and  Noise  in  the  Sea,"  Journal  of  the 
Acoustic   Society    of    America ,    v.    64(6),    December    T97B. 


110 


IIST   OP    REFERENCES 


1.  Lauer,  R.  B.  ,  Signal  Transmission  in  the  Wayenumber 
Domain,  Technical  JTemorancIuin,  Naval  Underwater  Systems 
Center,  New  London  Laboratory.  New  London.  CT,  5  June 
1979.  l 

2.  Naval  Underwater  Systems  Center  Report  U103,  Fast 
Field  Program  for  Multilayered  Media,  by  F-  '~TT. 
HOa  poll  7~2E-Su  gust:  197T: 

3.  Stamey,  B.  B. ,  Preliminary  Investigation  of  the 
Environmental  SensItiyTtjf  of  Icoustic  Signal 
Transmission  in  tile  ^avenumbar  domain  wiI5  Respect  to 
Source  D*epth  Determination,  "  Masters  Tlesis,  ITaval 
Postgraduate   ScTiooI,    Honterey,    CA,     1982. 

4.  Blanchard,  J.,  A  Comparison  of  Two  Acoustic  Parabolic 
Equation  TransmissionToss  Models  for"'  Compatibility 
wiin  l^e  Wav en umber  Technique  in  the  Determination  or 
Source  DeptE,  '  Masters  Thesis,  Uaval  Postgraduate 
ScEool,    Monterey,   CA,    19  84. 

5.  Kinsler,  L. ,  and  others,  Fundamentals  of  Acoustics, 
3rd   ed.,    John   Wiley  and   Sons,    19B2. 

6.  Urick,  R.  J.,  Principles  of  Underwater  Sound,  3rd  ed.  , 
Mcgraw-Hill,    1SETT" 

7.  Officer,  C.  B.,  Introduction  to  the  Theory,  of  Sound 
Transmission,    McGraw-HiIIT   T9"5B. 

8.  Coppens,A.  B. ,  Mathematical  Derivation  of  the  Acoustic 
Pressure  Spectrum  of  fEe  EI oils I  Mirror,  Mval 
Postgraduate  ScTiooI,    flonterey,    CT,    January   1985. 

9.  IMSL  Library  Reference  Manual,  9th  ed. ,  v.  2,  IMSL, 
13"8-2 

10.  Gabrielson,  T.,  Mathematical  Derivation  of  the 
Acoustic  Pressure  Spectrum  for  tEe~XIoyds^  Hirror , 
N"avaI~Post graduate  scEool,  Honterey,  CA",~  February 
1985. 


109 


INITIAL  DISTRIBUTION  LIST 


No.   Copies 


1.  Defense  Technical  Information  Center  2 
Cameron  Station 

Alexander,  VA    22314 

2.  Library,  Code  0  142  2 
Naval  Postgraduate  School 

Monterey,  CA    93943 

3.  Chairman  (Code  55Fo)  1 
ASW  Academic  Group 

Naval  Postgraduate  School 
Monterey,  CA    93943 

4.  Prof.  A.  B.  Coppens  (Code  61Cz)  4 
Department  of  Physics 

Naval  Postgraduate  School 
Monterey,  CA    93943 

5.  Prof.  C.  R.  Dunlap  (Code  68Du)  3 
Department  of  Oceanography 

Naval  Postgraduate  School 
Monterey,  CA    93943 

6.  Prof.  Suk  Wang  Yoon  (Code  61 Yo)  3 
Department  of  Physics 

Naval  Postgraduate  School 
Monterey,  CA    93943 

7.  Prof.  T.  Gabrielson  (Code  61Gt)  1 
Department  of  Physics 

Naval  Postgraduate  School 
Monterey,  CA    93943 

8.  LCDR  P.  B.  King  3 
425  Pine  Shadows  Drive 

Slidell,  LA    70458 

9.  Commanding  Officer  1 
Naval  Gcean  Research  and  Development  Activity 
NSTL,  MS    39522 

10.  Commanding  Officer  1 
Naval  Ocean  Research  and  Development  Activity 

(ATTN:   Code  223) 
NSTL,  MS    39522 

11.  Office  of  Naval  Research  1 
ATTN:   Mr.  R.  B.  Lauer 

Naval  Ocean  Research  and  Development  Activity 
800  N-  Quincy  Street 
Arlington,  VA    22217 

12.  Ccmmanding  Officer  1 
Naval  eastern  Oceanography  Center 

ATTN:  LCDR  J.  Elanchard 
McAdie  31dg.  (U-117) 
Naval  Air  station 
Norfolk,  VA    23511 


111 


13.   ICDE  3.  Stamey 

5508  Buskirk  street 

North  Charleston,  SC    29406 

14-   Ms  Catherine  Smith 
P.  0.  Box  5  8 
Carmel  Valley,  CA   93924 


112 


13  5  3  7       5 


Thesis 

KU92 

C.l 


/:2Q99 


King 

Use  of  the  Wave- 
number  Technique  with 
the  Lloyds  Mirror  for 
an  Acoustic  Doublet. 


212393 


Thesis 

KUU92 

C.l 


King 

Use  of  the  Wave- 
number  Technique  with 
the  Lloyds  Mirror  for 
an  Acoustic  Doublet. 


